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INTRODUCTION 


During  penetration  of  an  aircraft  fuel  cell,  bullets  and  other  high  speed  projectiles 
generate  intense  pressure  waves.  Response  of  the  fuel  cell  walls  to  these  pressure  waves  can 
be  catastrophic  failure  due  to  severe  fracturing  of  entrance  and  exit  cell  walls.  This 
phenomenon,  termed  hydraulic  ram,  is  of  particular  importance  to  the  survivability  of  U.S. 
military  aircraft. 

A computer  program  was  developed  by  NWC  (Naval  Weapons  Center)  which  calculates 
pressure  waves  generated  by  projectiles  in  a fluid.  The  fluid  mechanics  of  hydraulic  ram 
were  developed  as  described  in  a previous  report  by  NWC.1  The  purpose  of  this  document  is 
to  provide  information  for  the  Pressure  Wave  Generation  Mode  in  the  application  of  the 
computer  code.  Hydraulic  Ram  Program  - Version  One  (HRP-  VI). 


THEORETICAL  CONSIDERATIONS 


To  calculate  fluid  pressures,  it  is  necessary  to  know  the  velocity,  rate  of  kinetic  energy 
loss,  and  time  of  projectile  arrival  as  functions  of  distance  along  the  trajectory.  Estimates  of 
these  quantities  can  be  obtained  by  using  a simple  model  of  the  bullet  behavior. 

The  bullet  is  assumed  to  travel  in  a straight  line,  and  its  deceleration  is  described  by 
Newton’s  Second  Law. 


m 


dV 

dt 


-D 


(1) 


where 

m = bullet  mass 
V = bullet  velocity 
t = time 
D = drag  force 

The  drag  force  can  be  expressed  as 

d = t«v2a0cd 


1 Naval  Weapons  ('enter.  Fluid  Dynamic  Analysis  of  Hydraulic  Ram  by  K.  A.  Lundstiom.  China  Lake,  CA,  NWC, 

July  1971.  (NWC  TP  5227,  publication  UNCLASSIl  ii:!).) 
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where 


p = fluid  de  r.  iity 
V = bullet  velocity 
Cd  = drag  coefficient  of  the  bullet 
Aq  = projected  frontal  area  of  an  unyawed  bullet 

Noting  that 
v dt 


(3) 


where  xb  = bullet  position  along  the  trajectory,  equations  1 and  2 can  be  combined,  yielding 

(4) 


£"»Vb 


Where  the  velocity  decay  coefficient,  0,  is  defined  as 


the  rate  of  kinetic  energy  loss,  dE/dxb,  where  E = l/2mV2  can  be  expressed  as 


dE_  _ v dV 
dxb  V dxb 


Combining  equations  4 and  6 yields 
For  tumbling  bullets,  (S  is  a function  of  xb. 


(5) 


(6) 


(7) 


In  this  model  the  bullet  is  presumed  to  enter  the  test  cell  with  0 degree  yaw  and 
continue  in  this  attitude  with  a constant  drag  coefficient  until  it  reaches  a distance,  xj, 
when;  it  begins  to  tumble.  The  bullet  becomes  fully  tumbled  at  a distance,  X2,  a ad  continues 
in  this  attitude  with  a constant  drag  coefficient.  However,  as  evidenc  'd  from  experimental 
results,2  the  bullet  will  impact  the  cell  with  0 degree  yaw  and  continue  to  tumble  along  its 
trajectory  for  a number  of  cycles  before  assuming  a stable  attitude.  The  model  has  an  option 


2N*val  Weapont  Center.  Fluid  Dynamic  Analysis  of  Hydraulic  Ram  III  by  E.  A.  Lunditrom  and  W.  K.  Funj, 
China  Lake,  CA,  NWC,  October  1974.  (JTCG/AS-74-T-01S,  publication  UNCLASSIFIED.) 
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to  include  this  continuous  tumbling  of  the  bullet.  The  coefficients,  and  02>  are  associated 
with  the  O-degree  yaw  and  tumbled  attitudes,  and  the  value  03  is  associated  with  the 
stem-first  attitude.  For  simplicity  it  was  assumed  that  the  tumbling  proceeds  at  a constant 
rate  along  the  trajectory  (Figure  1);  that  is 


X2-xi  =X3-X2  = X4-x3  = 


(8) 


Figure  1.  Bullet  Orientation  Versus  Distance  Along 
the  Bullet  Trajectory. 


While  the  bullet  is  tumbling,  i.e.,  xj,  <X{j,  <X2,  0 varies  radically  as  a function  of  x^. 
This  variation  can  be  expressed  in  general  form  as 


0 = 0,+(02-0l>f(Y) 


(9) 


where 


y _ Xb  ~ X1 
x2  * X1 


(10) 


while 


f(0)  = 0 
f(l)=  1 
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<J 


An  empirical  function  of  the  following  form  was  used. 
f(Y)  = [l/2-l/2cos(Y)]n 


u> 


(11) 


The  exponent,  n = 3,  is  varied  (see  Footnote  2)  yielding  the  following  equations,  for 
xi  < xb  < X2 

\3 

YU-X1  I 

0(xb)  = ^l  + (02  *0l)  1/2  -1/2  cos 


{si!' 


(12a) 


for  X2  < xb  < X3 

0(xb)  = 02  + <03  * 02)  |l/2  - 1/2  cos 


xb  - x2l  V 

x3 ' X2J ) 


(12b) 


When  0 is  constant,  equations  3 and  4 can  be  integrated  directly.  In  the  region  0 < xb 
< xj,  where  0 = 0j,  the  initial  conditions  are  V = VQ  and  t = 0.  The  integration  then  yields 


vb=v0e'SlXb 


and 


*b 


= J.  fj l] 

0l|Vb  V0J 


(13) 


(14) 


and  equation  7 yields 

~-  = m0iVb2 

dxb 


(15) 


In  the  region  of  tumbling,  \\  < xb  < X2,  algebraic  expressions  cannot  be  found; 
therefore,  a numerical  integration  method  is  used  for  the  model. 

For  stripping  of  bullet  jackets  from  the  AP  (armor  piercing)  core  of  the  API  (armor- 
piercing  incendiary)  ammunition,  a crude  method  for  incorporating  the  jacket  energy 
deposition  was  developed.  The  projectile  penetrates  the  fluid  for  a distance,  xs,  where  the 
jacket  strips.  The  kinetic  energy  of  the  jacket  and  incendiary  material  are  calculated  at  that 
point.  The  energy  deposition  of  the  AP  core  is  calculated  in  the  normal  manner  except  that 
values  of  8 appropriate  to  the  core  must  be  used.  The  energy  deposition  of  the  jacket  is 
assumed  to  be  exponential  and  is  added  to  that  of  the  core.  The  equation  for  total  energy 
deposition  is 


dE  Ejs  a^b-V 

AVb2*^8 

Ejs=l/2mjVs2 


(15) 

(17) 


O 


Q 


O 


O 


u 
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where 


nij  = mass  of  jacket 

Vs  = velocity  of  bullet  at  stripping  location 
mc  = mass  of  core 

a = a constant  found  to  be  1/3  (Footnote  2) 

Because  of  the  mathematical  difficulties  introduced  by  the  wall  boundary  conditions,  a 
simple  model  (Figure  2)  is  used  which  neglects  the  wall  effects. 


Figure  2.  Model  of  Drag  Phase  of  Hydraulic  Ram. 


The  bullet  shown  in  Figure  2 is  initially  stationary  in  an  infinite  body  of  fluid  until 
t = 0.  Then  the  bullet  is  impulsively  accelerated  to  an  initial  velocity  of  VQ.  At  times,  t > 0, 
the  bullet  moves  with  a velocity,  V,  in  a straight  line  along  the  axis.  It  is  assumed  that  the 
flow  field  can  be  described  in  terms  of  a potential  function,  <p,  which  satisfies  the  wave 
equation. 


where  c = speed  of  sound  in  the  fluid. 

Then,  the  fluid  velocity,  u,  is  expressed  as 
u*  = V0 

and  the  Bernoulli  equation  yields 
P = Po'P  l/2pu2 


(18) 


(19) 


(20) 
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where 


P = total  fluid  pressure 
PG  = ambient  pressure 
p = fluid  density 
u=  |u 

The  boundary  conditions  for  equation  18  are  that  the  fluid  velocity  is  tangential  to  the 
projectile  surface  and  that  P = Pc  on  the  cavity  surface,  where  Pc  denotes  the  pressure  in  the 
cavity.  It  is  assumed  that  Pc  is  constant  throughout  the  cavity;  hence,  the  problem  is  to 
determine  the  pressure  as  a function  of  time  at  any  arbitrary  point  (x,oo)  where,  as  shown  in 
Figure  2,  co  is  the  perpendicular  distance  of  this  point  from  the  x axis. 

The  problem  is  further  simplified  by  ignoring  the  boundary  conditions  and  then 
approximating  the  effect  of  the  bullet  and  cavity  on  the  fluid  by  the  action  of  a line  of 
sources  distributed  along  the  bullet  trajectory.  Then,  the  resulting  flow  field  is  symmetric 
about  the  x axis,  and  the  potential  due  to  these  sources  can  be  expressed  as 


Xb(r) 

0(x,co,t)  = - ] 


(21) 


where 

$ - distance  along  the  trajectory 
r = distance  between  points  £ and  (x,w) 
f = source  strength  at  £ 


For  the  finite  sound  speed,  the  integral  must  be  evaluated  along  the  line  r + r/c  = 
constant,  where  r is  the  retarded  time  given  by  r = t - r/c.  The  integration  path  is  included  in 
the  time  space  representation  shown  in  Figure  3.  Using  equation  14,  the  time  of  bullet 
arrival,  tj,,  on  the  trajectory  as  a function  of  the  bullet  position,  x^,  can  be  determined. 
However,  the  results  of  the  theory  are  not  considered  to  be  valid  during  the  cavity  collapse; 
therefore,  the  lower  limit  in  this  integral  can  be  taken  as  zero.  The  upper  limit,  X^,  denotes 
the  projectile  position  when  r = tj,. 


The  source  strength,  f,  is  estimated  by  a method  based  on  the  conservation  of  energy. 
It  is  assumed  that  the  flow  is  confined  to  a section,  dx.  as  shown  in  Figure  4. 
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x 


3.  Integration  Path  of  Integral  in  Equation  21 
Time-Space  Plane. 


dx 

u*. 


CAVITY  SURFACE 


Flow  Model  for  Estimating  Cavity  Growth  and  Source 
ariation. 


i 

• jj 

i 


i 


A 
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The  fluid  velocity  in  this  section  is  then 

»=ffl 

<j3 

At  the  cavity  radius,  to  = a and  u = da/dt  so 
t=l/2a* 


(22) 


(23) 


Following  Birkoffs  theory  (Footnote  3),  the  kinetic  energy,  dK,  of  the  fluid  in  this  section 
within  a radius,  ft,  is 


dK  = 


ft 

*p  J u' 


codco 


dx 


(24) 


with  equation  22  and  integrating 

dK  = 4jrpNf2dx  (25) 

where 

N = £n(ft/a) 

Since  the  upper  limit,  ft,  cannot  be  infinite  due  to  the  physical  impossibility  of  allowing  dK 
to  be  infinite,  ft  will  be  assumed  to  be  finite.  Because  the  value  of  N varies  slowly  as  a 
function  of  ft,  it  can  he  treated  as  a constant.  This  is  justified  for  the  special  case  in  which  a 
bullet  is  traveling  with  a constant  velocity,  since  the  correct  cavity  shape  is  obtained  for 
constant  values  of  the  quantity  ft/a  in  the  15  to  30  range.  Physically,  this  step  can  be 
rationalized  by  considering  the  neglected  influence  of  the  noncylindrical  divergence  of  the 
flow. 

The  work,  dW,  done  by  the  difference  between  the  ambient  and  cavity  pressure  is 

dW  = ir(P0  - Pc)a2dx  . (26) 

The  energy,  de,  deposited  by  the  projectile  in  the  fluid  at  dx  is 


d£=fe){dx 


(27) 


with  equations  15  and  16  showing  the  expression  for  dE/dx^  as  a function  of  the  distance 
along  the  trajectory. 


G 


G 


O 


o 


o 


G 

^Birkoff,  G.,  and  E.  H.  ZarantoncUo.  Jets,  Wakes,  and  Cavities.  New  York,  Academic  Press,  1957. 
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Now,  the  pr.^ure  field  resulting  from  the  line  of  source!'  can  be  calculated.  Substi- 
tuting equation  35  for  the  source  strength  in  equation  21  yields 


Xb(r) 

= -1/2B  J I J A($)  - B |t  - 1 - tb(*)|  J d* 


(37) 


Note  that  the  retarded  time  t in  equation  21  was  replaced  by  t - r/c. 

To  compute  the  pressure,  the  terms  in  Bernoulli's  equation  (equation  20)  must  be 
evaluated.  The  term,  d^/dt,  in  Bernoulli's  equation  can  be  expressed  in  a simple  form  by 
using  Leibnitz’s  rule  for  the  differentiation  of  integrals.  Equation  37  becomes  (see 
Appendix  A) 


— =-1/2 

at  1 


BAb  8Xb(r) 

Rb  at 


xb(i) 

+ 1/2B2  J ^ 


(38) 


where  Rb  is  the  distance  between  the  bullet  and  the  point  (x,o)  and  Ab  denotes  the  value 
of  A,  evaluated  at  Xb.  The  chain  rule  for  differentiation  gives 


axb(r)  axb(r)dT 
at  * dr  at 


(39) 


where 


25s 

a t 


= v 


(40) 


where  V is  the  bullet  velocity  evaluated  at  Xb,  and  since 
dr  _ . 1 dRb<T>_  . 1 x-Xb  3Xh(r) 

at  c at  " c Rb  at 

equation  39  becomes 


(41) 


axb(r) 

at 


= V 


1 x-xbaxb(r) 
c Rb  at 


(42) 
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It  should  be  noted  that  functions  A(£)  and  *b(£)  depend  on  the  tumbling  behavior  of  the 
bullet.  Hence,  the  integrals  in  equations  45  and  46  cannot  be  evaluated  explicitly.  Noting 
the  reaction  that 


u2  = ux2  + uw2 


the  pressure  field  can  be  obtained  by  substituting  equations  44,  45,  46,  and  47  into 
Bernoulli's  equation  20. 


Waves  reflected  from  rigid  plane  walls  can  be  calculated  exactly  by  means  of  the 
method  of  images.  The  boundary  condition  for  a rigid  wall  is  that  the  normal  component  of 
the  fluid  velocity,  un,  vanishes  at  the  wall.  Pressure  generated  by  the  bullet  has  been 
approximated  by  a line  of  sources  (or  sinks).  The  boundary  condition  at  the  wall  can  be 
satisfied  by  adding  the  pressure  due  to  a mirror  image  line  of  sources  (or  sinks)  as  illustrated 
in  Figure  5. 


RIGID  SURFACE 


MIRROR  IMAGE 


LINE  OF  SOURCES 


Figure  5.  Geometry  of  Method  of  Images  for  a Single 
Rigid  Surface. 


The  boundary  condition  for  a free  surface  is  P = 0 at  the  surface.  A negative  mirror 
image  satisfies  this  condition  to  the  extent  that 


ff+l/2u,2  » 1/2u„2 


where  u*  and  un  are  the  tangential  and  normal  fluid  velocity  components  at  the  surface. 
Equation  48  is  satisfied  for  most  conditions  during  the  initial  phase  of  hydraulic  ram. 


The  method  of  images  is  easily  extended  to  calculate  reflections  from  the  walls  of 
rectangular  volumes.  The  result  is  a three-dimensional  rectangular  array  of  images.  The 
number  of  images  in  the  array  is  determined  by  the  number  of  wave  reflections  to  be 
included  in  the  calculation.  A method  for  automatic  generation  of  the  image  array  co- 
ordinates was  developed,  and  its  use  is  discussed  in  Appendix  B. 


m 
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The  walls  of  aircraft  fuel  cells  are  neither  free  nor  rigid.  However,  due  to  their  typically 
light  construction,  waves  reflected  from  these  walls  can  be  approximated  by  means  of  the 
method  of  images  for  free  surfaces.  The  effect  of  the  inertial  properties  of  the  fuel  cell  walls 
on  wave  reflections  is  discussed  in  Footnote  1 . 


SUMMARY 

The  pressure  is  calculated  according  to  Bernoulli’s  equation 

P’po  = *^*l/2pu2 

The  first  term  is  dominant  far  from  the  bullet,  while  the  second  term  is  important  closer  to 
the  bullet.  The  boundary  condition  P * 0 at  the  surface  is  satisfied  by  the  method  of  images 
for  the  p 90/dt  term  only.  It  is  suggested  that  the  full  equation  be  used  to  calculate  incident 
pressure  waves  on  the  wall 

Although  the  action  of  the  cavity  behind  the  bullet  is  accounted  for  in  the  fluid  model, 
the  absence  of  fluid  within  the  cavity  is  ignored.  Therefore,  in  the  absence  of  external 
surfaces,  the  calculated  pressure  will  be  positive  outside  the  cavity,  zero  on  the  cavity 
surface,  and  negative  withir.  the  cavity.  Indeed,  the  pressure  will  go  to  minus  infinity  as  the 
cavity  axis  is  approached.  In  addition,  the  cavity  presents  an  additional  surface  for  reflecting 
pressure  waves.  Thus,  waves  arising  from  the  bullet,  reflecting  from  the  fluid  volume  surface, 
and  then  reflecting  from  the  cavity  surface  are  not  accounted  for. 

The  presence  of  the  bounding  free  surfaces  of  the  fluid  volume  often  produces  large 
negative  pressures  within  the  fluid,  thus  producing  bulk  cavitation.  These  phenomena  are 
not  included  in  the  fluid  model. 

It  is  suggested  that  the  pressure  calculated  by  the  program  be  truncated  at  negative 
pressures;  that  is,  if 

P^O 

then 

P = 0 

This  process  assumed  that  bulk  cavitation  always  occurred  and  also  automatically  accounted 
for  the  absence  of  fluid  in  the  cavity. 

Since  the  bullet  is  modeled  by  a line  of  sources,  the  pressure  goes  to  infinity  at  the 
bullet.  It  is  suggested  that  the  pressure  calculated  by  the  program  be  truncated  at  the 
stagnation  pressure  of  the  bullet. 
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PROGRAM  DESCRIPTION 

PROGRAM  USAGE 

The  program  consists  of  one  short  main  program  and  six  subroutines  (TRAJ, 
MIRROR,  IMAGE,  TV,  INTERP,  and  IPLOT).  The  basic  function  of  this  computer  code  is 
to  generate  hydraulic  ram  induced  pressure-time  curves  at  user  specified  points  within  a 
body  of  fluid.  The  code  allows  the  use  of  the  method  of  images  to  account  for  wave 
reflections  in  a rectangular  volume  bounded  by  free  surfaces. 

DESCRIPTION  OF  SUBROUTINES 

IRAi 

The  primary  task  of  this  subroutine  is  to  compute  the  following  quantities  as  a 
function  of  bullet  distances  along  the  trajectory. 

1.  Time  of  bullet  arrival 

2.  Bullet  velocity 

3.  Maximum  cavity  radius 

4.  Time  of  cavity  collapse 

5.  Drag  parameter  as  a function  of  time 

MIRROR 

This  subroutine  is  responsible  for  computing  the  following: 

1.  Total  pressure  at  a point  (specified  by  the  user)  as  a function  of  time 

2.  Pressure  due  to  the  tim^  derivative  of  the  velocity  potential 

3.  Total  fluid  velocity  as  a function  of  time 

4.  X,  Y,  and  Z components  of  fluid  velocity 

IMAGE 

This  subroutine  computes  the  coordinates  of  the  projectile  entrance/exit  points  in  the 
three-dimensional  image  volumes  with  respect  to  the  actual  volume. 

IY 


This  subroutine  computes  the  value  of  the  velocity  decay  parameter,  then  integrates 
the  equations  of  motion  to  obtain  bullet  velocity  as  a function  of  time. 
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This  subroutine  interpolates  the  following  quantities  between  discrete  points  along  the 
bullet  trajectory. 

1.  The  distance  of  the  bullet  along  its  trajectory  as  a function  of  retarded  time 

2.  The  velocity  of  the  bullet  as  a function  of  retarded  time 

3.  The  radius  of  the  attached  cavity  as  a function  of  retarded  time 

IP  LOT 

The  function  of  this  subroutine  is  to  generate  graphic  presentation  of  the  total  pressure 
versus  time  at  each  point  in  the  fluid  body  specified  by  the  user.  The  plotting  routines  are 
available  only  on  the  NWC  UN1VAC  1110. 


DESCRIPTION  OF  PARAMETERS 

NJOB  — a variable  which  indicates  the  number  of  different  complete  data  sets  to  be 
operated  on  by  the  code  during  one  full  run. 

NP  - a variable  which  specifies  the  total  number  of  points  at  which  pressure  (as  a 
function  of  time)  is  to  be  computed. 

TMAX  - the  maximum  time,  in  milliseconds,  for  which  pressure  is  to  be  calculated  at 
each  point. 

DT  - time  increment,  in  milliseconds,  which  specifies  the  timewise  spacing  of  com- 
puted pressures. 

IPLOT  — a plot  request  variable  which  equals  1/0  for  plot/no  plot.  Note  that  this 
variable  controls  plotting  through  routines  available  only  on  the  NWC  UN1VAC 
1108. 

XW(I,J)  - this  array  contains  the  coordinates  of  the  points  at  which  pressure  is  to  be 
computed.  XW(I,1)  = X,  XW(I,2)  = Y,  XW(I,3)  = 2 (see  Appendix  C). 

LM(1),  LM(2),  LM(3)  - image  array  limiters  in  the  negative  direction  of  the  X,  Y,  and 
Z axes  (see  Appendix  B). 

LP(1),  LP(2),  LP(3)  - image  array  limiters  in  the  positive  direction  of  the  X,  Y,  and  Z 
axes  (see  Appendix  B). 

XC(1),  XC( 2),  XC(3)  - the  coordinates  of  that  point  which  specifies  the  X,  Y,  and  Z 
dimensions  of  the  rectangular  volume  into  which  the  projectile  is  fired. 

X(l),  X(2),  X(3)  - the  X,  Y,  and  Z coordinates  of  the  entrance  joint  of  the  projectile 
on  the  surface  of  the  rectangular  volume. 

X(4),  X(5),  X(6)  - the  X,  Y,  and  Z coordinates  of  the  exit  point  of  the  projectile  from 
the  surface  of  the  rectangular  volume. 
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XMASS(l)  - bullet  mass,  pound  (Appendix  D) 

XMASS(2)  - penetrator  mass,  pound 

XMASS(3)  - jacket  mass,  pound 

AREA(1)  - bullet  presented  area,  normal  attitude,  in^ 

AREA(2)  - bullet  presented  area,  tumbled  attitude,  in^ 

AREA(3)  - penetrator  presented  area,  normal  attitude,  in^ 

AREA(4)  - penetrator  presented  area,  tumbled  attitude,  in^ 

AREA(5)  - jacket  presented  area,  tumbled  attitude,  in^ 

AREA(6)  — bullet  stern-first  presented  area,  in^ 

DRAG(l)  - coefficient  of  drag  for  bullet,  normal  attitude 
DRACK2)  - coefficient  of  drag  for  bullet,  tumbled  attitude 
DRAG(3)  - coefficient  of  drag  f or  penetrator,  normal  attitude 
DRAG(4)  - coefficient  of  drag  for  penetrator,  tumbled  attitude 
DRAG(5)  - coefficient  of  drag  for  jacket,  tumbled  attitude 
DRAG(6)  - coefficient  of  drag  for  bullet  stem-first,  normal  attitude 
DENS  - fluid  density,  Ib/in-* 

PG  — ambient  pressure,  psi 

PC  — cavity  pressure,  psi,  normally  taken  to  be  zero 

C — sound  speed  in  fluid,  ft/sec 

BC  - constant,  normally  taken  to  be  0.434 

VEL  - initial  builet  velocity,  ft/sec 

DX  - distance  increment  along  trajectory,  inch 

NT  - a variable  such  that  NT  = 0/1  means  that  the  bullet  does  not  tumble/does  tumble 
XSTRIP  - distance  along  the  trajectory  that  the  bullet  begins  to  strip 
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XTUM  - distance  along  the  trajectory  that  the  bullet  begins  to  tumble,  inch 
(Appendix  E) 

DXTUM  - distance  required  for  the  bullet  to  become  fully  tumbled,  inch.  If  NT  = 0, 
XTUM  and  DXTUM  can  be  arbitrary 

NE  — is  a variable  such  that  NE  = 0/1  means  bullet  does  not  exit  tank/does  exit  tank 

XE  - distance  along  the  trajectory  where  the  bullet  exits  the  volume,  inch.  If  NE  = 0, 
XE  can  be  arbitrary 

XMAX  - maximum  length  of  trajectory  through  volume,  inch.  Dimension  statements 
limit  XMAS  to  300*DX 

EN  - exponent  which  specifies  power  law  followed  by  the  drag  function  (EN  = 3.0  in 
general) 

EFRACT  - a factor  related  to  bullet  stripping  (EFRACT  = 3.0  in  general) 

NCTUM  A VARIABLE  SUCH  THAT  NCTUM  = 0,1,2  - means  bullet  does  not  con- 
tinuously tumble/bullet  continuously  tumbles/bullet  continuously  tumbles  for 
one  cycle 

BS,  OMEGA  parameter  not  in  use  for  this  version  set  equal  to  1 

NSTRIP  - a variable  such  that  NSTRIP  = 0/1  means  that  bullet  does  net  strip/bullet 
does  strip 


INPUT  FORMATS 


Format 


2F1 0.5,11 


3F10.5 


6I2.3F10.5 


Contents 


NJOB 


NP  (limit  to  1 ,000) 
TMAX.DT,  IPLOT 


XW(I,J)  (limit  to  300) 


LM(1),  LM(2),  LM(3),  LP(1),  LP(2), 
LP(3),  XC(1),  XC(2),  X.C(3) 
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Card 


type 

Format 

Contents 

6 

3F10.5 

X(l),  X(2),  X(3) 

7 

3F10.5 

X(4),  X(5),  X(6) 

8 

3F5.5,  6F6.4 

XMAS(l),  XMAS(2),  XMAS(3), 

AREAd),  AREA(2),  AREA(3),  AREA(4), 
AREA(5),  AREA(6) 

9 

6F6.4 

DRAG(l),  DRAG(2),  DRAG(3).  DRAG(4), 
DRAG(5),  DRAG(6) 

10 

5F9.4 

DENS,  PO,  PC,  C,  BC 

11 

2F9.4 

VEL,  DX 

12 

I1.F9.1.4F10.0 

NT,  OMEGA,  XSTRIP,  XTUM,  DXTUM 

13 

I1.F9.1 

NE,  XE 

14 

F10.G 

XMAX 

15 

3F6J.2I6 

EN,  BS,  EFRACT,  NCTUM,  NSTRIP 

16A  ) 

| | 

( 

i 

i 2A6  < 

[ AA(1),  AA(2) 

16Z 

{ 

TEST  PROBLEM 

The  following  test  problem  was  taken  from  Footnote  2.  The  calculations  were  per- 
formed on  a UN1VAC  1110  computer. 

1.  Number  of  points,  pressure-time  history  to  be  calcuhted:  5 

2.  Location  of  the  points  at  which  pressure  is  to  be  calculated: 

a.  (36,  30,  6) 

b.  (36,  30,  12) 

c.  (36,30,  18) 

d.  (36,  30,  24) 

e.  (36,30,30) 

3.  Size  of  tank:  60-  x 60-  x 60-inch  projectile 

4.  Entrance  point:  (30.50,  31.50, 0.0) 
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5.  Projectile  exit  point:  (30.S0,  31. SO,  36.00) 

6.  Type  of  projectile:  12.7  mm  API 

7.  Projectile  velocity:  2,797.50  ft/sec 

8.  Fluid  in  tank:  water 

9.  Maximum  time  for  calculation:  1 msec 

10.  Minimum  distance  for  calculation:  35  inches 

11.  Image  array  used: 

a.  LM(1,  2,  3)  * (0,  0,  1) 

b.  LP(1,  2,  3)=  (0,  0,  0) 

12.  Tumbling  behavior: 

a.  XTUM  «5.13  inches 

b.  DXTUM=  15.66  inches 

c.  Projectile  tumbles  continuously 

13.  Time  increment:  DT  = 0.0125  msec 

14.  Distance  increment:  DX  = 0.2  inch 

PROGRAM  LISTING  AND  TEST  PROBLEM  OUTPUT  (pages  20  through  58) 


19 


if  A/iiW  fa  t W. 


liaa  '■ 1 if  'iit  t 


JTCG/ AS-74-T-0 1 8 


C ******HYDRAUL1C  SAM  PROGRAM  - VERSION  ONE****** 

DIMENSION  All, 300) 

COMMONIPLOT,  ASIGNI3C0) ,XO! 3CO) ,V3C  300)  .201  JPOI.XJ  1300  > , Y1 « 30U ) ,Zi  I 
13301 (NS,OTtTMAX,NP,Xb! 3CG«I> 

COMMON/ 2C1NFQ/ID (b  > 

DATA  ID/36M  NC23  U.  r UNO  3681  MRP  OUTPUT 
SCAOIStlGOGI  NjCB 
DO  I KX  = 1 ,N JOB 
BE  AOIS.2UOHNP 
READ tS*3D01)TMAX»0TtI PLOT 
3001  FORMAT (2E10*5tIl) 

002ISI.NP 

READ (Si 1001) (XM(I,J)tJsl,3) 

2 CONTINUE 
IC01  FORMAT  1 3F10>5 ' 

2001  FORMAT  IIS) 

100C  FORMAT (III 

CALL  iMAGEiNS) 

CALL  TRAJ<A,B,OX*XE«NE ,C, DENS, JXE ,J*AX > 

CALL  MIRROR! A, B ,0X, XE , NE,C ,OLN $ , JXE , JMAX ) 

1 C0N7IVUE 
CALL  EXIT 
END 


SUBROUTINE  TRAJ  I A . B , OX  . XE  . HE  . C . DENS  , JXE  . JIIAX  ) 

DIMENSION  XM ASS ( 3 I .BETA! 7)  , ARE  A I 6 ) .DRAG  I 6 ) . Al 3. 300) 

COMMON/ XSIR I P/XSTR1P.NCTUM 

RE  AD  l 0,0000  l I XM  ASS  I II.M.3I.  (AREA!  1 ) . I«I  .6) 

6000  F0HMAU3F5.5.  6F6.N) 

RE  AD  t 0 , 600 1 ) < CRAG  < I ) . I * I . 6 > 

6001  F0RMATl6F6.NI 

RE AO  I 5 , 1000)  OENS.PO.PC.C.BC 
READtS. 10001  VEL.OX 

1000  FORMAT  I6F9.N) 

RE  AD  (5.  I 00  1 ) NT  . OME  G A , XS  T R 1 P . XTUM , OX  TUM 
RE  AO  I 5, 1001  ) NE.XE 

1001  FORMAT! 1I.F9.I.NF10.1) 

RF.  AD  (5. 1002)  XMAX 

1002  F OKMAT I F I 0 . 0 I 

RE ADIS,  I 00  3)  EN.BS.EFRACT . NC TUM , NS TR I P 
C NS  T K I P * I , 0 BUII.ET  STRIP  TRUE  / F ALSE 

C NCTUTV'0.1,2  NO  CONTINUOUS  TUMBl.  I HO  . COM  T I NUOUS  TUMTJL  t NO  , TUMBLE  FOR  1 CYCLE 

1003  FORMAT! 3F6. 3.216) 

N 1 * t 

005! *1,5 

IF < ' ,E0 . 3INI  *2 

IFI  | . F Q . 5 I N 1 * 3 

BE  T A<  I I * . 5/  XI1ASS  INI)  *DEN3  * AREA  I I I • DRAG  I I ) 

5 CONTINUE 

RE  1 A I 7 ) * . 'j  / XMASS 1 2 ) *Dt  NS  • AID)  ‘DRAG  16) 

BETA  16) * .S/XMASSl I ) * DENS  * ARL A I 6 > 'DRAG  1 6 ) 

UR  I IE  16 . 170  0 lEN.Bs.LFRAC T , NC T UM . NS TR I P , NT . X TUM , DX TUM . XSTR 1 P . I XMASS 
3ll>. I*1.3>. I ARE  A I 1 I . I - I ,6) . I DRAG  I I ) . I * 1 .61 . IRETAl I 1 . 1 * 1 ,7) . VEL  ,DEH 
SS  , l 0 . PC  . C , BC 

1700  FORMAT l I Ml  ,////  / ,5NX,  'HYDRAULIC  RAM  PROGRAM  VERSION  ONE  MOD  ONE1./ 
S///.2X.-EN  *’ .FI0.5,/ ,2X,  'BS  * 1 . F 1 0 . 5 . / , 2X , * EF R AC T 

t ’ ,F I 0 .5. / ,2X. 'NCTUM  , I 10./ ,2X.  NSTRIP  * 1 . I 1 0 . / , 2X . • NT 

S * ' I 1 0 ...  2X  , * X TUM  *'.FI0.5,/,2X,'PXT UM  * ' , F 1 0 . 5 , / ,2X, ' XST  R I 

IP  -* ,F >0 .5,/ ,2X, -XMASSl 3)  3F I 0 . 5 ./. 2X . 1 ARE A I 6 ) * ’ , CF I 0 . 5 , / . 2 

SX  , ’ ORAf . 6 ) »'  . 6F | 0 . 5 , / ,2X, ’0ETAI7)  * 1 . 7F I 0 . 5 . / , 2<  . ’ VEL  • ' , F 

t i 0 . 5 . / . 2X , ' DENS  ’ ’ .F 10 .5.  / ,2X , 'PO  * 1 . F I 0 . 5 . / . 2X  . • PC 

S *’  ,ri0.5./.2X.*C  * ' .FI0.5./.2X, '8C  *' ,110.5,///) 

HR  I TE 16. 30  3) 
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30 3 FORMAT  I IH!  ) 
l.-R  I TE  (6. 304  t 

304  FORMAT  ( / / 2X  , ‘DISTANCE  I I N > 1 , I OX  . ‘ T I ME  I MSEC  ) ' , 8X  , ’ VELOC  1 T Y t F T /SEC  » 

1 ,6X. ‘CAVITY  RADIUS! IN)  ' . 4X . ‘CAVITY  COIL APSE ( MSEC ) ‘ . 4 X . ‘ HE T A ‘ / ) 

JS”- 10 
C”C*  .012 
VEL’VEL*  .012 
PENS  ’DENS/  . 0003864 
B=  i PO-PC  ) /DENS*BC 
B - SQR  T (0) 

JMAX=X MAX/OX* . 00! 

JXE  - XE / OX ♦ .001 

I C-NAT  - 0 

BE  T AX -BE  T A ( 1 ) 

D-XI1ASS  II  l / I 3 . 14  I G926S  • c PO-PC  ) * .0003864  1 ) 

0 SORT (01 
DXT »XTUM*DXTUM*OX 
IIIITIAL  VALUES 
IIP  AGE  * 0 

0 V * E XP l -BET  AX  * OX ) 

V - VEL / DV 

T * - I I . -DV) /BETAX/VEL 
4 0 1 IF  INSTRIP. EO. 0)  GOTO  403 
JS”XSTRIP/OX»0.5 
AK  ” JS 

XS  T R I P - AK  • OX 
40  3 JJ”-I 

8 JJ”JJ*I 
ICMX-JJ 

T EMX - T EMX • DX 
IFI JJ.NE . JS1GO  TO  402 
IFINSTRIP.EQ.O)  GOTO  402 
BETA! t ) *BETAI  3) 

BE  T A I 2 ) = BE  T A ( 4 ) 

CLTAIG 1 =RE  T A I 7 1 

0 * XII  ASS  I 2 1/13.141 S926S*  (PO-PC )• . 0003064  I ) 

D ”SORT iD) 

OS”  . 5*  XII  ASS  l 3)'V*VBETA(S)/3.I41  99265/  (PO-PC  )/  . 000  3864 
PS  - 05 / EE R AC  T 

IKITEMX.LT  . XTU!1)BETAX”DETA(  1 ) 

IF ( TEMX.GE . XTUM*DXIUN)BETAX”BETA(2) 

DV-EXP ( -BE  TAX  *0X ) 

1 GNAT  « l 

4 02  IF (NE . EO . 0 >00  TO  9 

IFI JJ.GT. JXE)  RETURN 

9 I F ( TEMX . GT  . XMAX I RETURN 
IF(NT.EO.O)  GO  TO  10 

IF  I TEMX.LT .OXT  . AND. TEMX.GT . XTUM1G0  TO  II 
IF INCTUM.EO. I .AND. TEMX.GT .XI JMI  GOTO  II 

10  V”V>-OV 

I * T ♦ I J . - DV  I /BE  TAX/V 
1 F i NT . EQ. 0 1 GO  TO  13 
GO  TO  12 

11  CALL  TVI T .V.OETAX. BETA, DX. TEMX, XTUM.DXTUM.EN.NCTUM  ) 

12  ART  ” X T UM  ♦ OX  TUI4 

I F I TEMX.GE .ART .AND. T EMX . L E . DX T ) 0 V = E XP ( - BE T A ( 2 ) • OX ) 

13  XX” TEMX 

AM  = D * V • SOR I ( BE  TAX ) 

IF ( IGNAT .EQ.IIGO  TO  1103 
GO  TO  9494 
1103  CONT INUE 

AM -■SORT  i AM  * AM  * DS  * E XP  ( (XSTRIP-XX)  'BETAISI  I ) 


» v\  s.  ^:T^7^^^-3r-Try-,  ^?3|g^!^^r.4ef  P _>^*7^^5> 

-j.  • ::.?^s-aBg^:: -.'  uzM^MkJZ2d^. 
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9HSW  CONTINUE 
AM*AM*8S 
TM-2.  » AM/8 
TMM*TH*T 
A< I . JJ»1 )-V 
A ( 2 , J J* I I «T 
A)  3. JJ*1 >«AM 
VFT-V/ .012 
IF i NIRO. NE. 01  GOTO  8 
HR  I TE  <6, 305)  XX.T . VFT.AM.TMM.BE TAX 
305  FORMAT  <2X,F 10. H, I IX. 

I F10.N. I2X.F9.1. mX.F9.H. I2X.F9.V.9X.F9.S) 
NPAGE-NPAGE*I 
IF IMPAGE-LT .H8)  GO  TO  8 
WR|TE<6,303> 

HR  I TE  < 6 . 30V  > 

NFAGE-0 
GO  TO  8 
END 


SUBROU  T I ME  M 1 RROR  < A . B . DX . XE . NE . C . OENS . JXE . JMAX ) 

D I MENS  I QNX I 300 • . U < 3"0 ) . RO < 300  I . R 1 I 300 ) , X I I 300 > . Y I I 300  I . Z 1 < 300 » 

0 i MENS  I QNEW I I 000 > . EX  I I 000 > . 0EX2 < I 000  I . DEW2 1 I 000 ) . A I 3 . 300 > ,L< I 000  I 
D I MENS  I ONT I G < 500  I .PI  0(5001 

COMMON  I PLOT. AS  I GNI 300 > . XO I 300  I . YO < 300 > . ZO < 300 ) . X I t 300  I . Y I I 300 ) . Zl I 
1300) .NS.OT. TMAX,NP,XW<300.3) 

00  6 JK* I , NP 
XP*XM( JK, I ) 

YP-XWI JK.2) 

ZP-XWI JX.3) 

DO  1 K-I.NS 

COORDINATE  TRANSFORMATION 

RO  ( K » * IXP-XOIK)  > “2+  < YP-YOIK)  ) * •2*<ZP-20«KI)  »»2 
ROIK) *SQRTIF0(K) ) 

R1  ( K ) * < X 1 (K)-XO(K) I * *2* ( Y I (K)-YO(K) > • *2* ( Z I CK)-Z0IKI>**2 
R I < K ) »SQR  T < R I IK)) 

X(K)» I (XI I K > *X0 I K ) ) • I XP-XO I K ) > ♦ * Y 1 <K>-Y0(K> ) • < YP-YOCK) ) 

I ♦ IZMK)-Z0IK)>»  IZP-ZOIK) ) )/RI  IK) 

W<KJ*R0IK)»*2-X(K>**2 
UIKI .SORT  IMIK) ) 

XI IX) >XIK)/RI <K) • CXI (K)-XO(K) ! *X0(K) 
YIIKl*XIKI/Rt<XIMY|lKI-YOIK))M.’<K) 

Z I < K ) «X  < X ) / R I ( K > * ( Z I (K)-ZO(K)  ) +Z0  . K 1 
INITIAL  VALUES 
NPAGE*0 
EX (K) >0. 

E HI K ) • 0 . 

DEX2<K)*0. 

DEW2IKI-0. 

L < K ) «0 
I CONTINUE 
PRINT  INPUT 

WRI  TE  <6.  I 00‘s ) 

100V  FORMATIIHI ,///50X. 'PRESSURE  CALCULATED  AT  POINT*) 

URI TE <6, I 005)  XP.YP.ZP 

1 005  FORMA  T < / / 39X , •X«,.F7.2.,<IN),.5X,*Y*,.F7.2.*<IN)*.5X.*Z-,.F7.2. 

I ' ( IN) ' ) 

URI TE  <6. 1006)  I K , X I K I , W I K • , X 0 I K > ,Y0<K)  , Z 0 I K > ,XI IK) , Y I IK) , Z I IX) , 

I ASIGNIK)  .k-l .NS) 
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IOC  6 FOR* AT  I //5SX, 'SOURCE  C CORO  INA  TES'// , SOX, 'X IPX  , 'll  ‘ ,9X  , *X0' ,9X  , 
1 'YC'.PX.'ZO'.PX.'Xl'  ,9X,  *Yi',9X, * Zl*/ I1AX, 1 2, #F 11,  J,F8.0»J 
C PRINT  HEADING 

CPI Id (6 ,1007) 

ICO?  FORMATllhl,/,  UX,'TIMSEC)',4X,'PIP$I I'.SX.'PPHI'.GX.'UIFT/SCC)' 
1 ,5X,'UX'f9X,'UV',9X,'L2'//> 

C FIND  INTIAL  TIME 
PMINiRC  I 1 J 
00  2 Ksl.NS 

IFIPClKt.LT.RMIK)  R “I  N : RC.  I K ) 

2 CONTINUE 
JT:RM IN/C/OT 
T:JT 

T:T*CT-0  7*2. 

IPU^O 
I T :T  *CT 

IFIT.GE.TMAXIGO  TO  666 
SUMUX=C. 

SUMUYrc. 

SUHU2:C • 

SPPHiro. 

C COMPUTE  PRESSURE  AND  VELOCITY  AT  TINE  T 
00  5 K=1,NS 

C F1PST  FIND  PROJECTILE  PARAMETERS  FOR  SOURCE  X 

CALL  INTERPIXX,V,AM,L,K,A , X , • , T ,C , D X , JM A X , NE , JX E > 

IF(L  ( K I .EO.ni  bO  TO  S 
C CHFCK  FOR  EXIT  AND  X*AX 

IF (L IK ) .GT.JMAXI  GO  TO  6 
IF(NE.EO.O)  GO  TC  9 
IFIL  IK)  .LE.  JXE  I GO  TO  4 
V=0. 

XX:XE 

an=c. 

4 CONTINUE 

C COMPUTE  VELOCITY  CUE  TO  SOURCE  K 
R:(X  IK)-XX)**?4WIK)**2 
RrSORT(R) 

OTOX=l,/ll.-V/C*IX|K)-XX)/fi» 

0EX1  = »AM-P*R/C )*V*0T0X/R**3 
DENl-OEXI 

DEX1=0EX1*IXIK)*.'X)-6*I  l./R-l./ROIK)  > 

CEU  1 -tl£4  )*4  (K  > «B  /U  (K  >*  l <X  (K  l-XXI/R-X  (K  )/R0  (K  I) 

EXIK  )=£XIK)».5*IDFXl*DEX2tK>l»CT 

LWIK)rEV|K|*.5*IOEVl*PLV2(KU*DT 

0EX2  IK) iCEXl 

CF«2IK|rOEWl 

UUr|-*AM»V/C*0TDX/Q**2 

UXXruU* IX  IK ) -XX)«R*EXIK) 

UW  :UU  *4  I K ) *9 *E  4 I K ) 

UX-IU4/4 IK )*|XP  -XI(K))*UXX/PllK)*IXllK)-xniK)l)*0.5 
UV:lUH/WlK)*|YP  -YIIK))4UXX/R1IK)*IV1(K)-V OIK )))*£,» 

U2  = IU4/4|K)*|2P  •?IIK))4UXX/RIIK)*I2I  IK  I -20  IK )) 1*0.5 
C COMPUTE  PRESSURE  IPPHI  ) OUL  TO  OURCE  K 

PPHI  = P*AM/R*V*OTOX-P*B*ALOGHXINJ4ROIK  ))/IXIK)-XX*R)  ) 
PPHI=PPHI*C|.S 
C SUM  VELOCITIES 

SUMUXPSUHUX«UX*ASIGNIK  ) 

SUMUY-SUMUY*UY*ASIGN|K ) 

SUMU2SSUMUZ*Ur*ASIGNIK ) 

C SUM  PRESSUPES 

SPPHI:SPPHI*PPHI*ASIGN|K) 

5 CONTINUE 
UX:SU*UX/.012 
UYrSU“UY/.cl2 
U2CSUMU2/.I.12 
PPHl:SPPhI*DENS 
U2:UX*UX ♦UY*UY«U2*U? 
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P -PPM  I - .5*0ENS‘U2‘ .0001HH 
I MU  * 1 HU* 1 
T IGI IMU)*T 
PICI IMU) *P 
U*SORT IU2) 

C PRINT  OUTPUT 

UR  I re (6. 10081  T .P.PPHI  .U.UX.UY.UZ 
1008  FORMAT I6X.9F I I .3) 

NPAGE. NPAGE* I 
I F l NPAGE . L T . 99 ) GO  TO  3 
URI TE (6. I 007) 

NPAGE  * 0 
GO  TO  3 
666  CONT 1 NUE 

SSSUM*0 . 0 
DO  20  IK- 2. I MU 
20  SSSUM.SSSUM.PiGHK) 

SSSUM--  IPIGl  I ) *0 .5*SS$UM-PIG(  ! MU ) • 0 . 5 > • 0 . 0 I 25 
WRITE  16. 1009) SSSUM 

1009  FORMATI//.1H  .’TOTAL  IMPULSE  1PSI-MSEC)  «’.F|5.7) 
IF( I PLOT .EO. 1 ) GO  TO  68 
GO  TO  69 

68  C ALL  IGPLOT I T IG.PIG. IMU.XP. YP.ZP) 

69  CONTINUE 
6 CONT I NUE 

RETURN 

END 


SUGROUT INE  I N TE RP I X X , V . AM . L . K . A . X . U . T , C , OX  . JMAX  . NE , JXE ) 
01  ME NS  I ON  A13. 300). LI  1000). XI  10001. W(  1000) 

1 M*E I K ) ♦ I 

IFILIKI .GE. JMAX)  RETURN 
IF INE .EO. 0)  GO  TO  2 
IF (L IK) .GT . JXE ) RETURN 

2 XJ-L I K I 
XX • XJ  *DX 

R. I X I K ) -XX) * *2 ♦ W I K > • *2 
R-SORT IR) 

T AU’ A 1 2 , M I »R/C 
IFIT.LT.TAUI  GO  TO  3 
L IK ) *L IK)  ♦! 

GO  TO  I 

3 IFILIK)  . EQ . 0 ) RETURN 
C INTERPOLATE 

RR> I X IK  I -XX* OX  I • *2*W(K ) • *2 
RR * SORT  I RR ) 

TTAU«A(2,M- I ) *RR/C 
DL= (T-TTAU) / I TAU-T  TAU) 

XX.XX-OX.OL  *OX 

V = A I I , M- I > ♦ OL '(AI|,M)-A(I,M-I)) 

AM  = A I 3 . M - l ) ♦ OL  • IAI3.M) - A I 3 , M- l ) * 

RETURN 

ENO 


L 'AA f -iVw  ^ L?  I ^*1 


Miiiiiitii 
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O 


o 


o 


o 


SUBROUT  I NET VI T . V , BETAX , BETA ,OX , TEHX , XTUH, DATUM, EN.NCTUH) 
DIMENSION  BETA<7> 

VT-V 

TT-T 

M'KTAX 

DUM*XTUH«DXTUH*2 . 

3 r C TSHX.6E .DUM. AND.NCTUM.C0.2t  GOTO  3 

IF  I TEMX . GE . XTUM+DXTUM. AND . NCTUM . £Q. 0 > GOTO  H 

TV- I TEHX-XTUMI /OXTUM 

NY-YY/2. 

AY-NY 

YY-YV-AV*2. 

YPI*VV*3.mi6 
YPI-ABSIYPI I 
A8C0*CUM*2 . *OXTUM 
IF ( TCHX .GE . A6SI ABCO) I GOTO  S 
ABCO'OUH’DXTUM 
IF I TCMX -GE . AGS I ABCO > I GOTO  B 
IF  ITEMX.GE  . XTUM*liXTUMI  GOTO  5 
6 BETAX*BETAl 1 ) ♦ IBETAt  2 ) -BETA! 1)1*1. 5*(l. -COS (YPII))**EN 
GOTO  3 

H BCTAX-BETAI2I 
GOTO  3 

5 BE  TAX* BETA (6) ♦ IBETAI2) -8ETAI6 ) ) • 1 ,52 1 1 . -COS( YPt )) >»»EN 
3 CONTINUE 

V*VT’EXPI-IBETAX«8S>*0X/2. I 
T»TT* I l./V*l./VT)»DX/2. 

RETURN 

END 


O 


o 


o 


* 


SUBROUTINE  IMAGE! 1 1 

0 1 MENS  I ONLMI 3 > .LP( 31 . X ( 31 . XC I 3) . XP 1 350, 3 1 . A < 3 1 . B ( 3 ) .Cl  3) .SNI31. 
ISNJI31 

COMMON! PLOT , ASIGNI 300 1 . XO 1 300) , YO 1 3001 ,20 1 300 1 . XI C 300) . Yll 300) .211 
1300) .NS.OT.THAX.NP.X4I300.3I 

RE AO ( 5 , 99 ) Lhl I ) ,LM(2) .LMI3) ,LP< I 1.LPI2) .LPI3) .XCl I ) .XCI2) .XCI3) 

N*l 

99  FORMAT  1612. 3F 10. 5) 

URITE 16,999) 

UR  I TE 16, 1 000) 

HR  I TE 1 6 . 1 00 1 ) XC I 1 ) . XC 1 2 ) . XC I 3 1 
UR  I TE I6.H999) 

1H  READ'S. 98> IXIKI.K-1,3) 

98  FORMAT  I 3F I 0.5) 

C DETERMINE  IF  LMIK)  ARE  EVEN  OR  ODD 
C SNIK  > * - I 0008  SNI K ) *♦ 1 CVEN 

999  FORMAT  I IHI.60X.’ IMAGE  OATA’I 

1000  FORMAT!/// ,56X. ’CORNER  COORDINATES* . // .HBX. ’XC I 1 1 * . I0X. *XC 12) ’ . I OX 
I . ’ XCl 3) * ) 

I CO  I FORMAT !/,N7X,F7.?,8X,F7.2,8X,F7.2) 

•«999  FORMAT!/// . IX, 'POINT  NO. * ,6X . ’A! I ) * ,6X, *AI2) ’ ,6X. *AI3) ’ ,5X. ’ IMAGE 
I TVPE’.IOX.’XO’.IOX.’VO’.IOX, ’20 ’ . I OX, • X I ’ , IOX. ’ Y1 ’ . I OX, ’21 ’ ) 

00  IX* I ,3 
ALM-LHIK) 

ALtt*ABS I ALMI/2. 

LLM-ALM 
BLM-LLM 
OLM'ALM-BLM 
SNIK) •- I . 

IFIOLM.LT. 0. I ) SN I K 1 • 1 . 

I CONTINUE 

C COMPUTE  POINT  COORDINATES  XPll.Kt 
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i-o 

JXH-LPI  IIHHI  1 )♦! 

JYH-LPI2)«LMI2)«I 
JZH-LPI 3) *LMI 3) ♦ I 

C INITIAL] ZC AND  START  THE  X DIRECTION  DO  LOOP 
All  I --LMI 1 1 - 1 
snji t >--sni i> 

005 JX- I . JXH 
SNJ(i)--SNJIl) 

Al  I >«A(IMI . 

C INITIALIZE  AND  START  THE  Y DIRECTION  DO  LOOP 
Aiei—  LHI3I-1 
SNJI2 ) ■-SNI2I 
DO  NJY-t.JYH 
AI2) -AI2) ♦ 1 . 

SNJI2I-- SNJI2I 

C INITIALIZE  ANO  START  THE  Z DIRECTION  00  LOOP 
AI3I--LHI3I-I 
SNJ(3)«-SNt3) 

003JZ-1 . JZH 
AI3>«AI3I«I . 

SNJI3I--SNJI3) 

CADVANCE  THE  POINT  COUNTER  I ANO  COHPUTE  THE  XYZ  COORDINATES  IK- 123)  or 
C POINT  1 

1-1*1 
002K-1 .3 

BIKI-I  1 .♦SNJIKn/2. 

CIK1-I I . -SNJIKII/2. 

XPl  I .KI-AIK)  •XCIKXBIK)  -XIKMClK)  * ( XC ( K > -X l K ) ) 

2 CONTINUE 

AS  I CN III -SNJ I I ) *SNJ 1 2 ) *SNJI 3) 

iriN.E0.2)URITEI6. 100) t .At  I ) .AI2)  .AI3I .ASIGNI1) ,XOI I > .YOI I ) .ZOI I), 
IlXPII ,K).K«I,3) 

100  FORMAT I/,3X,I5.7X,F5.I .NX ,F5 . I ,HX .F5 . 1 .6X.F5 . I .9X ,F 1 0 . 5 .51 2X ,F 1 0,5 
II) 

3 CONTINUE 

«•  CONTINUE 

5 CONTINUE 

GO  TO  16. 9). N 

6 D083 JJ> 1.1 

XOt JJ)*XP( JJ. I ) 

YO(JJ)-XP( JJ.21 
ZOI JJ1-XP( JJ.3I 
83  CONTINUE 

N»2 

GO  TO  1H 
9 D081JJ-1.I 

X| I JJI-XPI JJ.  1 I 
Y|  IJJI-XPl JJ.2) 

Zl  ( JJ) *XPI JJ.3) 

3H  CONTINUE 

RETURN 
ENO 


SUBROUT  I NE'  I GPLOT I U . V . I , XA . YA , ZA ) 
0 1 ME  NS  1 0N8 ( M ) , C ( 6 ) .0(5) .E (51 
0 1 ME  NS  I ON  A ( 1 > 

DIMENSION  Z ( 200 ) 

0 I MENS  I ONU  < I ) ,V( I ) ,X(500>  . Y<500) 

0 1 MENS I ONAA ( 2 1 

READ ( 5,690 ) AA( I ) , AA(2> 

IF  I I .LE  . 5 ) GO  TO  6969 


asm 


mmsam. 


r^fSEJiimmP  AE 
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690  FORMAT <2*6 I 
0 ( | 1-6HNAVAL 
8*2)*6H  UEAPO 
0I3)-6HNS  CC 
B I H ) *SHNTER 
C < 1 > «6HADV ANC 
C<2)*6HED  SYS 
C 1 3) *6HTEMS  8 
CIH) •6HRANCH, 

C 1 5 ) *6H  C00C 
C 1 6) a6H  301H 
01  I ) »6HA I RCRA 
0*2) *6HFT  SUM 
0*  3>*6HVt VA8I 
0*** ) »6HL  I TV  P 
0*5) ■6HR0CRAH 
E* I 1-6HRUN  NO 
E*2>*6H.  HRP- 
EI3I-6H- 

CALL  M0DES6  (Z.O) 

00  100  J-I.I 
X* J)«UIJ) 

VIJ)»V(J> 

100  CONTINUE 
XMAX-XI I ) 

XMIN-Xd) 

YMAX» Y I I ) 

YMIN-YI1) 

D0666H.K-I.I 

IF*X( ILK) .LT.XMINI  XM)N>X(ILK) 

IF ( X* ILK ) . GT . XMAX ) XMAX*X (ILK) 

IF* Y* ILK) . GT . YMAX ) YMAX«Y * ILK) 

IF(Y( ILK) .LT. YMIN1YMIN-YI ILK) 

666  CONTINUE 

CALL  OBJCTG  ( Z , 0 . . 0 . ,<*096 . , 3071 . I 
CALL  SUBJEG 1 Z , XM 1 N . YM I N . XMAX , YMAX ) 

CALL  GRAPHG* Z , I . X . Y .9 .9HT IME--MS. .20.20HPRESSURE--  LB. /SO. IN. .H5.H5 
I HPRESSURE  VS.  TIME  PLOT - -HYORAUL 1 C RAM  PROGRAM) 

CALL  POINTG  (Z.I.X.Y) 

CALL  LINESGIZ. I ,X,Y) 

CALL  SETSMGIZ.II.I.O) 

Ad)  «6HX  - 

CALL  NUMBRGIZ. 1535. .111., -6, All)) 

A* I ) «6M 

CALL  NUMBRGIZ. 16H6. . I 1 1 . ,-6, A* I ) ) 

A * 1 ) »6HY  • 

CALL  NUMBRGIZ . 1 83H . . 1 I I . . -6 . A 1 1 I ) 

A* I )»6H  , 

CALL  NUHBRG < Z . 1 9H5 . , 1 1 1 . , -6 . A ( I > ) 

A* I I-6HZ  - 

CALL  NUMBRGIZ. 21 30. , 1 1 1 . . -6 . A* I I ) 

CALL  NUMBRGIZ. 1627. , : 1 1 . .5. I ,XA> 

CALL  NUMBRGIZ, 1909. . I 1 1 . .5. I ,YA> 

CALL  NUMBRGIZ. 2222.. I II.. 5. I, ZA) 

CALL  NUMBRGIZ. 1858. .3036. ,-2H,8> 

CALL  NUMBRGIZ. 1708. ,2981 . ,-36.0 
CALL  NUMBRGIZ, I7H8. .2891 . .-30,0) 

CALL  NUMBRGIZ. 1816.. 2711. .-IH.E) 

CALL  NUMBRGIZ, 2)68. ,2711 . .-12.AA) 

CALL  SC T SMG IZ.IH.O.O) 

CALL  PAOEG  IZ.O.I.I) 

CALL  EXITO  IZ) 

WRITE  1 6, 1069JAAI 1 ) ,AAl2> 

1069  FORMAT*///. ’•••♦ OATA  PO INTER* ‘THIS  OUTPUT  CO 

IMPLEMENTS  IGS  PLOT  HRP  - *,2A6) 

6969  CONTINUE 
RETURN 
END 


a 


I 


i 


* 
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STANCE  (IN) 

TIME  (MSEC) 

VELOCITY  (FT/SEC) 

CAVITY  RADIUS  (IN) 

CAVITY  COLLAPSE  (MSEC) 

•ETA 

•0000 

.0000 

2797.4999 

3.2938 

24.3160 

.001732 

• 2000 

.0060 

2796.5309 

3, 2927 

24.3135 

•001732 

• 4000 

.0119 

2795.5622 

3.2915 

24.3111 

•001732 

• 6000 

.0179 

2794.5939 

3.2904 

24.3086 

.001732 

• 8000 

.0236 

2793.6259 

3.2893 

24.3062 

.001732 

1.0000 

.0298 

2792.6582 

3.2881 

24.3037 

.001732 

1.2000 

• 035c 

2791 .6°C9 

3.2870 

24.3013 

•001732 

1.4000 

.0416 

2790.7239 

3.2858 

24.2988 

.001732 

1.6000 

.0477 

2789.7572 

3.2847 

24.2964 

•001732 

1.6000 

.0537 

2788.7909 

3.2836 

24.2940 

.001732 

2.0000 

.0597 

2787.8249 

3.2824 

24.2916 

.001732 

2*2000 

.0657 

27 86.8593 

3.2813 

24.2891 

.001732 

2.4000 

.0716 

2785.8939 

3.2802 

24.2867 

.001732 

2.6000 

.0776 

2784.9289 

3.2790 

24.2843 

.001732 

2.8000 

.0636 

2783.9643 

3.2779 

24.2819 

.001732 

3. 0000 

.0696 

2783.0000 

3.2767 

24.2795 

.001732 

3.2000 

.0956 

2782.0359 

3.2756 

24.2772 

.001732 

3.4C0C 

.1016 

2781.0723 

3.2745 

24.2748 

.001 73r* 

3.6000 

.1076 

2780.1090 

3.2733 

24.2724 

•001732 

3.8000 

.1136 

2779.1460 

3.2722 

24.2700 

.001732 

4.0000 

.1196 

2778.1833 

3.2711 

24.2676 

.001732 

4.2000 

.1256 

2777.2210 

3.2699 

24.2653 

.001732 

4.4000 

.1316 

2776.2590 

3.2688 

24.2629 

.001732 

4.6000 

.1376 

2775.2974 

3.2677 

24.2606 

.001732 

4.6000 

.1436 

2774.3361 

3.2665 

24.2582 

.001732 

5.0000 

.1496 

2773.3751 

3.2654 

24.2559 

.001732 

5.2000 

.1556 

2772.4144 

3.2643 

24.2535 

.001732 

5.4000 

.1616 

2771.4541 

3.2632 

24.2512 

.001732 

5.6000 

.1676 

2770.4941 

3.2620 

24.2489 

.001732 

5.8000 

.1736 

2769.5344 

3.2609 

24.2466 

.001732 

6.0000 

.1797 

2768.5751 

3.2598 

24.2444 

.001732 

6.2000 

.1657 

2767.6161 

3.2587 

24.2424 

.001732 

6.4000 

.1917 

2766.6573 

3.2577 

24.2411 

.001732 

6.6000 

.1977 

2765.6988 

3.2569 

24.2408 

.001733 

6.8000 

.2038 

2764.7404 

3.2563 

24.2426 

.00173? 

7.0000 

.2098 

2763.7318 

3.2561 

24.2475 

.001734 

7.2000 

.2156 

2762.8228 

3.2567 

24.2575 

.001736 

7.4000 

.2219 

2761.8629 

3.2582 

24.2748 

.001739 

7. 6000 

.2279 

2760.9013 

3.2611 

24.3024 

.001743 

7.8000 

.2339 

2759.9370 

3.2660 

24.3443 

.001750 

8.0000 

.24  00 

2758.9689 

3.2734 

24.4052 

.001759 

8.2000 

• 2460 

2757.9949 

3. 1842 

24.4906 

.001772 

8.4000 

.2521 

2757.0130 

3.2991 

24.6072 

.001789 

8. 6000 

.2581 

2756.0202 

3.3193 

24.7623 

•001812 

8.8C00 

.2641 

2755.0129 

3.3459 

24.9644 

.001843 

9.0000 

.2  702 

2753.9868 

3.3800 

25.2225 

.001882 

9.2000 

.2763 

2752.9366 

3.4230 

25.5461 

.001932 

9.4000 

.2623 

2751.6561 

3*4762 

25.9450 

.001994 

30 
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DISTANCE  (IN)  TIME  (MSEC)  VELOCITY  (FT/SEC)  CAVITY  RADIUS  (IN)  CAVITY  COLLAPSE  (MSEC)  SETA 


9.6000 
0.5000 

10.0000 

10.2000 

10.4000 
10.6000 
10.6000 
11.0000 
11.20CC 

11.4000 
11.6000 
11. 6QCC 
12.0000 
12.2000 

12.4000 

12.6000 

12.5000 

13.0000 

13.2000 

13.4000 

13.6000 
13.8000 
14.GC00 

14.2000 

14.4000 

14.6000 

14.5000 

15.0000 

15.2000 

15.4000 

15.6000 
15.6000 

16.0000 
1O.20C0 
16.4CC0 

1 6 .6000 

16.2000 

17.0000 

17.2000 

17.4000 

17.6000 
17.8000 

13.0000 

18.2000 

13.4000 

16.6000 
16.6000 
19.G00C 


,2664 

2750.7378 

.2944 

2749.5732 

.3005 

2748.3524 

c 3066 

2747*0641 

.3126 

2745.6957 

.3187 

2744.2327 

.5246 

2742.6593 

.3306 

2740.9581 

.3369 

2739.1100 

.3430 

2737  • Qc'42 

.3491 

2734.6883 

.3552 

2732.  '*685 

.3613 

2729.6093 

.3674 

2726.8839 

.3735 

2723.6644 

.5797 

2720.1215 

.3856 

2716.2252 

.3919 

2711.9447 

.3961 

2707.2487 

.4042 

2702  * 1059 

.4104 

2696.4848 

.4160 

2690.3545 

.4226 

2683.6846 

.4290 

2676.4459 

.4353 

2668.6106 

.4415 

2660.1524 

.4478 

2651.0474 

.4541 

2641.2739 

.4604 

2630.8131 

« 466c 

2619.6491 

.4731 

2607.7696 

.4795 

2595.1659 

.4660 

2581.6330 

.4925 

2567.7703 

.4590 

2552.9812 

.5055 

2537.4736 

.5121 

2521.2598 

.3187 

2504.3567 

• 5*54 

2486.7853 

.5321 

2463.5714 

.5389 

2449.7446 

.5456 

2430.3388 

.5526 

2410.3917 

.5596 

2389.9444 

. 5 666 

2369.0414 

.5737 

* 347.7299 

.5608 

2326.0597 

. 5 o 8 0 

2304.0827 

3.5410 

3.6185 

3.71C0 

3.8164 

3.9387 

4.0774 

4.2330 

4.4056 

4.5952 

4.8016 

5.0243 

5.2626 

5.5160 

5.7833 

6.0638 

6.3563 

6.6597 

6.972b 

7.2942 

7.6228 

7.9570 

8.2957 

8.6372 

8.9802 

9.3233 

9.6650 

10.0038 

10.3382 

10.6669 

10.9883 

11.3012 

11.6041 

11.8953 

12.1751 

12.4406 

12.6915 

12.9265 

13.1449 

13.3457 

13.5283 

13.6920 

13.8362 

13.9607 

14.0651 

14.1492 

14.2130 

14.2565 

14.2798 


26.4289 
27.0073 
27.6887 
28.4806 
29.3894 
30.4195 
31.5741 
32.8545 
34.2604 
35.7899 
37.4398 
39.2056 
41.0817 
43.0618 
45.1385 
47.3040 
49.5498 
51.8670 
54.2462 
56.6777 
59.1516 
61.6576 
64.1852 
66.7239 
69.2628 
71.7913 
74.2986 
76.7^38 
79.2064 
81 .5859 
83.9020 
86.1448 
88.3047 
90.3725 
92.3396 
94.1978 
95.9396 
97.5582 
99.0474 
100.4019 
101.6170 
102.6890 
103.6148 
104.3924 
105.0203 
105.4982 
*05.8262 
106.0055 


.002071 
.002164 
.002277 
• 002412 
.002571 
.00275b 
.002976 
•003228 
.003517 
.003845 
.004217 
.004635 
.005102 
•005620 
.006193 
•006823 
.007511 
•0Q826C 
.009071 
•009944 
•010880 
.011880 
.012943 
.014067 
.015251 
•016494 
.017792 
.019143 
.020541 
.021964 
.023466 
.024962 
•026526 
.025091 
.029671 
.031258 
.032845 
•034424 
.035987 
.037526 
.039032 
.040496 
.041916 
.043276 
.044571 
.045794 
.046937 
.047593 


JTCG/AS-74-T-018 


DISTANCE  (IN) 

TIME  (MSEC) 

VELOCITY  (FT/SEC) 

CAVITY  RADIUS  (IN) 

CAVITY  COLLAPSE  (MSEC) 

■ETA 

19.2000 

.5953 

2281.8526 

14.2832 

106.0379 

•048956 

19.4000 

• 6026 

2259.4242 

14.2670 

105.9253 

•049*20 

19.6000 

.6100 

2236.6531 

14.2317 

105.6725 

.050579 

19.6000 

.6175 

2214.1957 

14.1777 

105.2316 

.051229 

20.0000 

.6251 

2191.5078 

14.1057 

104.7574 

.051765 

20.2000 

.6327 

2163.8452 

14.0162 

104.1046 

.052184 

20.4000 

• 6404 

2146.2626 

13.9100 

103.3285 

•052464 

20.6000 

.6482 

2123.8138 

13.7879 

102.4344 

•052662 

20.6000 

.6561 

2101.5506 

13.6505 

101 .4283 

.052717 

21.0000 

.6641 

2079.5206 

13.5005 

100.3286 

.052663 

21.200Q 

.6722 

2057.7641 

13.3399 

99.1511 

.052511 

21.4000 

.6803 

2036.3171 

13.1694 

97.9008 

•052261 

21.6000 

.6885 

2015.2136 

12.9898 

96.5331 

•051916 

21.6000 

• 696c 

1994.4851 

12.8017 

95.2031 

.051477 

22.0000 

.7052 

1974.1610 

12.6060 

93.7661 

• 050947 

22.2000 

.7137 

1954.2681 

12.4032 

92.2776 

•050331 

22.4000 

.7223 

1934.8303 

12.1941 

90.7427 

•04963G 

22.6000 

.7310 

1915.8692 

11.0794 

89.1666 

• 048851 

22.8000 

.7397 

1897.4038 

11.7599 

87.35AA 

.047998 

23.0000 

.7485 

1679.4500 

11.5361 

35.S'117 

.047075 

23.2000 

.7574 

1662.0214 

11.3089 

84.2427 

•046090 

23.4000 

.7664 

1845.1288 

11.0787 

82.5527 

.045046 

23.6000 

.7755 

1625.7803 

10.8463 

80.8461 

.043952 

23*6000 

. 7 c4c 

1612.9813 

10.6123 

79.1277 

.042812 

24.0000 

• "*939 

1797.7363 

10.3773 

77.4019 

•041634 

24.2000 

.8  032 

1783.0447 

10.1418 

75.6730 

•040424 

24.40C0 

.*126 

1768.9057 

9.9065 

73.9451 

•039169 

24.6000 

.8220 

1755.3156 

9.6718 

72.2223 

.037935 

24.£C0C 

.8316 

1742.2689 

9.4384 

70.5086 

• 036669 

25.0000 

.8412 

1729.7581 

9.2067 

68.8078 

.035198 

25.2000 

.850b 

1717.7738 

8.9773 

67.1236 

• 034126 

25.4000 

.8606 

1 7C6.3051 

3.7505 

65.4597 

.032862 

25.600C 

.8704 

1695.3398 

8.5270 

63.8194 

.031609 

25.6000 

.8802 

1654.6638 

*.3072 

62.2064 

.030375 

26.0000 

.8901 

1674.8623 

8.0915 

60.6237 

.029U3 

26.2000 

.9001 

1665.3192 

7.8803 

59-.0748 

.027979 

26.40Q0 

.9102 

1656.2174 

7.6741 

57.5626 

•026826 

26.6000 

.9203 

1647.5393 

7.4733 

56.0902 

.025709 

26.8000 

.9304 

1639.2664 

7.2782 

54.6603 

.024631 

27.0000 

.9406 

1631.3798 

7.0893 

53.2758 

.023596 

27.2000 

.950b 

1623.3602 

6.9068 

51.9392 

.022605 

27.4C00 

.9611 

1616.6880 

6.7312 

50.6528 

.021660 

27.6000 

.9714 

1609.8437 

6.5626 

49.4188 

.020*65 

27.6000 

.9818 

1603.3076 

6.4014 

48.2391 

.019918 

28.0000 

.9922 

1597.0603 

6.2478 

47.1154 

.019123 

28.2000 

1.0027 

1591.0826 

6.1019 

46.0491 

.01637* 

2S.40C0 

1 .0132 

1585.3554 

5.9640 

45.0411 

.0176*3 

26.6000 

1 .0237 

1579.8603 

5.8340 

44.0923 

.017039 

O J 


u j • | 
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JTCG/AS-74-T-018 


DISTANCE  UN)  TIME  (MSEC)  VELOCITY  (FT/SEC) 


38.4000 

1.5752 

1396.9035 

38.6000 

1.5872 

1393.5900 

38.8000 

1.5991 

1390.2837 

39.0000 

1.6111 

1386.9843 

39.2000 

1.6232 

1383.6913 

39.4000 

1.6352 

1380.4042 

39.6000 

1.6473 

1377.1221 

39.8000 

1.6594 

1373.8440 

40.0000 

1.6716 

1370.5688 

40.2000 

1.6638 

1367.2948 

40.4000 

1.4960 

1364.0202 

40.6000 

1.7082 

1360.7428 

40.3000 

1.^205 

1357.4600 

41.0000 

1.732b 

1354.1688 

41.2000 

1.7451 

1350.8657 

41.4000 

1.7574 

1347.5466 

41.6000 

1.7698 

1344.2070 

41.8000 

1.7622 

1340.6420 

42.0000 

1.7947 

1337.4458 

42.2000 

1.8071 

1334.0122 

42.4000 

1.8197 

1330.5344 

42.60C0 

1.8322 

1327.0051 

42.8000 

1.8448 

1323.4162 

43.0000 

1.8574 

1319.7594 

43.2000 

1.8700 

1316.0254 

43.4000 

1.8827 

1312.2048 

43.6000 

1 .8954 

1308.2877 

43.8000 

1.9082 

1304.2635 

44.0000 

1.9210 

1300.1217 

44.2000 

1.9338 

1295.8814 

44.4000 

1.9467 

1291 .4413 

44.6000 

1.9596 

1286. 8e04 

44.SOOO 

1.9726 

1282.1575 

45.C000 

1.9856 

1277.2615 

45.2000 

1.9987 

1272.1817 

45.4000 

2.0119 

1266.9077 

45.6000 

2.0250 

1261.4294 

45.6000 

2.0383 

1255.7381 

46.0000 

2.0516 

1249.8246 

46.2000 

2.0649 

1243.6814 

46.4000 

2.0784 

1237.3017 

46.6000 

2.0919 

1230.6799 

46.8000 

2.1055 

1223.8116 

47.0000 

2.1191 

1216.6934 

47.2000 

2 o 1 329 

1209.3236 

47.4000 

2.1467 

1201.7019 

47.6000 

2.1606 

1193.8293 

47.8000 

2.1746 

118S.7085 

*— •»  - Urli£2l}i£jmA*J*.  w.  . 


CAVITY  RADIUS  (IN)  CAVITY  COLLAPSE  (MSEC)  BETA 


4.7061 

33.3645 

.011874 

4.2962 

33.3033 

.011875 

4.2865 

73.2437 

.011878 

4.2771 

33.1860 

.011882 

4.2680 

33.1309 

•011888 

4.2594 

33.0793 

.011896 

4.2513 

33.0320 

.011908 

4.2440 

32.9901 

.011924 

4.2376 

32.9548 

.011945 

4.2323 

32.9276 

.011972 

4.2282 

32.9099 

.012006 

4.2257 

32.9036 

.012050 

4.2250 

32.9105 

.012104 

4.2263 

32.9327 

.012171 

4.2300 

32.9721 

.012251 

4.2363 

33.0310 

.012349 

4.2455 

33.1116 

•012464 

4.2580 

33.2162 

.012601 

4.2740 

33.3469 

.012760 

4.293° 

33.5058 

.012945 

4.3178 

33.6950 

.013159 

4.3460 

33.9160 

.013402 

4.3788 

34.1705 

.013679 

4.4163 

34.4597 

.013991 

4.4586 

3407844 

.014342 

4.5057 

35.1452 

.014732 

4.5577 

35.5421 

.015165 

4.6146 

35.9748 

.015642 

4.6763 

36,4425 

.016165 

'♦.7425 

36.9441 

.016735 

4.8130 

37.4778 

.017355 

4.8876 

38.0416 

.018024 

4.9660 

38.6330 

.018744 

5.0477 

39.2491 

.019515 

5.1323 

39.8867 

.020336 

5.2193 

40.5424 

.021207 

5.7083 

41.2125 

.022127 

5.3987 

41.8930 

.023095 

5.4899 

42.5797 

.024108 

5.5814 

43.2685 

.025165 

5.6726 

43.9551 

.026263 

5.7629 

44.6352 

.027398 

5.8517 

45.3045 

.028567 

5.9385 

45.9587 

.029766 

6.0226 

46.5937 

.030990 

6.1036 

47.2055 

•032234 

6.1809 

47.7901 

.033493 

6.2541 

48.3440 

.034762 

34 
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DISTANCE  (IN)  TIME  (MC~C)  VELOCITY  (FT/SEC)  CAVITY  RADIUS  \IN«  CAVITY  COLLAPSE  (MSEC) 


BETA 


4P  .0000 

2.1227 

1177.2437 

6.7226 

48.6637 

•036n34 

1 

*s .:coo 

2.20 It 

1 166.7409 

6.3860 

49.3460 

.017304 

48.4000 

2.2172 

1 1 59.9075 

6.4429 

49.7881 

.038564 

% 

M 

4 9 .eUOO 

2 • 2 2.1  7 

11  0.852? 

6 .4960 

50.1871 

.039*10 

4?  .>10  00 

2.2462 

1 14*  • 5 °60 

6.5420 

50.5409 

.041033 

<i 

49.0000 

2.2609 

1172.1205 

6.5815 

50.8475 

.042228 

V 

v'M 

49.2000 

2.2757 

1122.4691 

6.6144 

51.1050 

.043388 

49.4.000 

2.290c 

1112.6466 

6.6404 

51.3122 

.044505 

' 1 

49.6000 

2 • 2 C 5 o 

1102.668* 

6. 6595 

51.4660 

.045575 

'i 

4 9 . bCOO 

2.720b 

1092.552? 

6.6715 

51.5718 

.046590 

) 

ro.cooo 

2.7361 

1082.3161 

6.6764 

51.6230 

.047545 

4 

50.2000 

2.751c 

1071 .977* 

6.6741 

51.6218 

.048434 

1 

50.4000 

2.7672 

1061.5573 

4.6647 

51.5682 

.049251 

50.6000 

2.7830 

1051 .0747 

6.6482 

51.4628 

.049991 

j 

5 C . ; CC0 

2.7969 

1040.5492 

6.6250 

51.3065 

.050650 

1 

51.0000 

2.4  150 

1030. G026 

6.5948 

51.1002 

.051223 

• i 

51.2000 

2.4313 

1019.4550 

6.5581 

50.8452 

.051708 

■ f 

51.4000 

2.4477 

1 JOB. 9270 

6.5150 

50.5431 

.052100 

■* 

51.6000 

2.4643 

998.47b* 

6.4656 

50.1956 

.052398 

i 

51.8000 

2.461  1 

98*.  0103 

6.410** 

49.6044 

.052599 

52.0000 

2,4921 

977.6609 

6.3495 

49.3717 

.052707 

1 

52.2000 

2. *152 

967.409* 

6.2830 

4 *..8964 

.052705 

1 

52.4000 

2.5325 

957.2770 

6.2103 

48.3790 

.052568 

: 

52.6000 

2.  *500 

947.2*41 

6.1315 

47.8147 

.052749 

1 

5 2 . < 000 

2.5677 

937.4517 

6.0470 

47.2063 

.051989 

I 

5 7 .0000 

2 . * S 5 e 

927.7«90 

5.9571 

46.5629 

.051*11 

1 

1 

<3.2000 

2.6037 

91*. 3442 

5 .*624 

45.8814 

.050918 

53.4000 

7.6219 

909.1027 

5.7631 

45.1665 

.050213 

■w 

53.6000 

2.6402 

900.0927 

5.6596 

44.4212 

.049401 

M 

53.-000 

2.6359 

891  . 3249 

5.5524 

43.6463 

.046487 

J 

54.0000 

2.6777 

682.8124 

5.441 7 

42.8503 

.047476 

34.2000 

2. “967 

874. 5659 

5.3281 

42.0301 

.046376 

i 

54.4000 

2 • 7 1 5 - 

866.5942 

5.2117 

41.1900 

.045192 

54.6000 

2 . 7 3 5 2 

658 .9051 

5.C929 

40.3326 

.043032 

54 .pC 30 

2 . 7 54  6 

851  .5047 

4.9721 

39.4601 

.042603 

$ 

55.0000 

2. 7 74 2 

044.3975 

4.? 495 

3C .574* 

.041213 

I 

55.2000 

2.7941 

637.5P69 

4 . 72  5 4 

3 7 . 6767 

.079770 

\ 

5 5 .4000 

7 • c 1 4 1 

c31  • v,74  7 

4.6002 

76.7741 

.038262 

1 

55.6000 

2.‘ 342 

624  . *61  5 

4.4740 

35.8626 

.036759 

i 

5 5.  (.COO 

?.c34i 

013.9465 

4.7471 

34.9463 

.035207 

i ? 

56.0CC0 

2 ,s749 

613.3261 

4.2 i 98 

34.0269 

.033635 

56.2000 

2 . 'V  5 5 

80e  .0032 

4 .0921 

33.1060 

.032051 

1 

56.4000 

2.9162 

602.967* 

3.9648 

32.1*52 

.070463 

l .fl 

5 6.c 000 

? . 9-  3 7 9 

798.2169 

3 . 5 2 75 

31.2662 

.028*79 

K 

56.5000 

2.9579 

793.7447 

3 * 7 1 0 6 

30.3504 

.027306 

i v 

■ 

5 7. C OCO 

2.979. 

789 .5446 

3.5843 

29.4392 

.025750 

i 

57.2000 

7 . " C0 1 

785.6090 

3.45*8 

2* .5340 

.024220 

) 

57,4,000 

3.0214, 

7 9 1 .9300 

3.7343 

35 

77.6767 

.022720 

: 

9 
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DISTANCE  (IN)  TIME  (MSEC)  VELOCITY  (rr/SEC)  CAVITY  RADIUS  (IN)  CAVITY  COLLAPSE  (MSEC) 


57.6000 

3.042t 

77ft. 498ft 

3.2110 

26.7474 

.021257 

57.6000 

3.0642 

775.3067 

7.0891 

25.8687 

•019836 

5ft. COCO 

J.re5c 

772.3429 

2.0687 

25.0015 

.016461 

56.2C00 

3.1074 

769.5985 

2.8500 

24.1471 

.017136 

5ft.4oco 

7.1201 

767.0629 

2.7333 

23.3070 

•015865 

5ft. 6000 

7.1  5Co 

764.725? 

2.6186 

22.4824 

.014651 

5S.60C0 

3.1727 

762.5762 

2.5063 

21 .6747 

.013497 

59.0000 

3.1945 

760.603’ 

2.3964 

20.8853 

.012403 

59.2000 

7.2165 

758.7975 

2.2892 

20.1157 

.011372 

59.4GGC 

7.2365 

757.1470 

2.184c 

19.3672 

.010404 

59 .6000 

7.2605 

755.6415 

2.0835 

18.6413 

.009499 

59.6000 

7.2C26 

754  *2708 

1 .°&54 

17.9395 

•008657 

60 . UCG0 

3. *047 

753.0246 

1.8908 

17.2631 

.007878 

1 AJi  'M6WL  JUy1* 


T (MSEC) 

ptni) 

JTCG/AS-74-T-0 1 8 

PFHI  U (FT/SEC)  UX 

UY 

uz 

V_<  i 

u 

m 

.■  Mi 

■m 

• 12b 

• 000 

• CCD 

.ccc 

,000 

.000 

.000 

■ i 

■4 

.13? 

• 000 

• COO 

• CSC 

• OOC 

.000 

• 000 

A 

.150 

174.856 

174.906 

2.732 

2.018 

••550 

1.834 

. 5 

• 162 

181.646 

181.714 

3.188 

2.514 

••686 

1.636 

o 

.175 

166.076 

186.164 

3.611 

3.027 

-.826 

1.787 

.187 

188.061 

166.171 

4 .042 

3.546 

-.967 

1.683 

i 

.200 

187.667 

187. 8C2 

4 .472 

4.056 

•1.106 

1.525 

■ - 

• 212 

185.099 

185. 26C  ■ 

4 .894 

4.547 

-1.240 

1.317 

.225 

160.691 

180.860 

5.301 

5.009 

•1.366 

1.067 

Vff 

.237 

174.801 

175.019 

5.688 

5.435 

-1.482 

• 785 

1 

- 

• 25C 

167.852 

166.098 

6.C54 

5.822 

•1.588 

• 481 

o 

• 262 
.275 

160.191 

152.146 

160.467 

152.449 

6.396 

6.713 

6.168 

6.475 

-1.682 

-1.766 

• 165 
-.157 

.287 

143.986 

144.318 

7.CC7 

6.745 

-1.839 

-.477 

• -■ 

.300 

135.941 

136.297 

7.279 

6.981 

-1.904 

-.790 

:}*JS 

.312 

128.203 

128.584 

7.53C 

7.188 

-1.960 

-1.094 

.325 

120.950 

121.355 

7.765 

7.371 

-2.010 

-1.386 

o 

.337 

114.347 

114.776 

7.985 

7.534 

-2.055 

-1.667 

•fi 

.350 

108.543 

108.995 

8 .196 

7.684 

-2.096 

-1.937 

' * 

.362 

103.763 

104.236 

8 .403 

7.825 

-2.134 

-2.198 

.375 

100.104 

lQu.602 

8 .609 

7.961 

-2.171 

-2.454 

■ ‘ 

.387 

97.633 

96.156 

8 .819 

8.097 

-2.208 

-2.707 

■i 

.<*00 

96.603 

97.153 

9.C37 

8.237 

-2.246 

-2.962 

o 

■ ] 

.412 

.425 

.437 

96.90e 
98.606 
101. 67C 

97.485 

99.214 

102.311 

9 .266 
9 .508 
9.765 

8.38  2 
a. 533 
8.692 

-2.286 

-2.327 

-2.371 

-3.222 

-3.488 

-3.765 

•1 

• 450 

105.905 

106.583 

1Q.C37 

d. 858 

-2.416 

-4.054 

.462 

.475 

111.296 

117.520 

112.013 

116.279 

10.324 

10.625 

9.031 

9.207 

-2.463 

-2.511 

-4.355 

-4.669 

o 

.487 

124.522 

125.327 

10.938 

9.386 

-2.560 

-4.997 

••fi 

• SCO 

131.974 

132.827 

11  .i62 

9.569 

-2.610 

-5.336 

' 

.512 

130.757 

140.662 

11  .596 

9.75U 

-2.659 

-5.686 

■ A 

.525 

147.632 

146.591 

11  .936 

9.928 

-2.708 

-6.047 

: -1 

.537 

155.381 

156.395 

12.282 

IQ. 103 

-2.755 

-6.417 

o 

‘ ij 

.550 

162.890 

163.964 

12.631 

10.273 

-2.802 

-6.794 

1 

• 562 

169.902 

171.036 

12.982 

10.436 

-2.846 

-7.179 

■ .i 
$ 

.575 
.58? 
. 6 CC 
.612 
• 625 

176.324 

162.013 

186.811 

190.654 

193.522 

177.520 
183.273 
186.135 
192. C44 
194.979 

13.334 
13.684 
14,032 
14 ,376 
14 .716 

10.591 

10.737 

10.874 

11.001 

11.11? 

-2.868 

-2.928 

-2.966 

-3.000 

-3.032 

-7.568 

-7.962 

-8.358 

-8.755 

-9.152 

■ ' 

■ 

i 

V 

.637 
.650 
• 662 
.675 
.687 
.7ro 
.712 

195.251 

195.917 

195.550 

193.998 

191.456 

167.977 

163.448 

196.774 

197.507 

197.207 

195.72U 

193.244 

189.6?e 

185.361 

15.C49 
15.375 
15 .693 
16  .002 
16.301 
16  .590 
16  .866 

11.223 

11.318 

11.402 

11.475 

11.539 

11.593 

11.637 

-3.061 

-3.067 

-3.110 

-3.130 

-3.147 

-3.162 

-3.174 

-9.547 

-9.938 

-10.325 

-10.704 

-11.076 

-11.438 

-11.789 

■* 
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T (MSEC) 

f (no 

PfHI 

U (FT/SEC) 

ux 

.725 

178.102 

180.076 

17.131 

11.672 

.737 

172.015 

174.C48 

17.384 

11.700 

• 750 

165.169 

167.259 

17.624 

11.720 

• 762 

157.713 

159.856 

17.851 

11.732 

.775 

149.774 

151.969 

18.C6  5 

11.739 

.787 

141.445 

143.690 

18 .267 

11.741 

• 600 

132.744 

135. 035 

18.455 

11.737 

• 812 

123.826 

126.161 

18.630 

11.729 

• 625 

114.811 

117.187 

18.793 

11.718 

• 637 

105.777 

108.191 

18.944 

11.704 

.650 

96.778 

99.228 

19 .08 3 

11.687 

• 862 

67.878 

90.260 

19.239 

11.669 

• 675 

79.207 

81.719 

19.324 

11.649 

• 687 

70.791 

73.330 

19.428 

11.626 

• 900 

62.678 

65.24 2 

19.5J2 

11.606 

• 912 

54.951 

57.537 

19.605 

11.585 

.925 

47.619 

50.224 

19.679 

11.563 

.937 

4C.708 

43.330 

19.743 

11.541 

• 950 

34.271 

36.909 

19.80C 

11.520 

.962 

28.352 

31.002 

19.849 

11.500 

.975 

22.917 

25.579 

19.891 

11.480 

.987 

17.947 

2G.618 

19.926 

11.461 

1.000 

13.428 

16.106 

19.955 

11.443 

1.C12 

9.350 

12.034 

19.977 

11.426 

1.025 

5.719 

8 .406 

19.994 

11.410 

1.037 

2.479 

5.171 

20.C06 

11.394 

1.050 

-.393 

2.301 

20.014 

11.380 

1.062 

-2.921 

-.225 

20.017 

11.366 

1.G75 

-5.128 

-2.433 

20.016 

11. 352 

1.087 

-7.038 

-4.344 

20.012 

11.339 

1.100 

-8.665 

-5.973 

2C.0U5 

11.32  7 

1.112 

-IP. 048 

-7.359 

19  .99  5 

11.315 

1.125 

-11.215 

-8.529 

19  .98  3 

11.304 

1.137 

-12.204 

-9.521 

19.969 

11.293 

1.150 

-13.038 

-10.360 

19.954 

11.283 

1.162 

-13.733 

-11.059 

19.937 

11.272 

1.175 

-14.302 

-11.633 

19.919 

11.26Z 

1.187 

-14.758 

-12.094 

19.930 

11.253 

1.200 

-15.113 

-12.454 

19.881 

11.243 

1.212 

-15.377 

-12.724 

19  .860 

11.233 

1.225 

-15.560 

-12.912 

19.840 

11.224 

1.237 

-15.670 

-13.028 

19.819 

11.215 

1.250 

-15.716 

-13.080 

19.798 

11.206 

1.262 

-15.704 

-13.073 

19.776 

11.197 

1.275 

-15.640 

-13.015 

19.755 

11.188 

1.287 

-15.529 

-12.909 

19.734 

11.179 

1 * 30 0 

-15.376 

-12.762 

19.713 

11.171 

1.312 

-15.184 

-12  .575 

19.692 

11.162 

-3.183 

-3.191 

-3.196 

-3. 200 

-3.202 

-3. 202 

-3.201 

-3.199 

-3.196 

-3.192 

-3.187 

-3.182 

-3.177 

-3.171 

-3.165 

-3.159 

-3.153 

-3.148 

-3.142 

-3.136 

-3.131 

-3.126 

-3.121 

-3.116 

-3.112 

-3.108 

-3.104 

-3.100 

-3.096 

-3.093 

-3.089 

-3.086 

-3.083 

-3.080 

-3.077 

-3.074 

-3.072 

-3.069 

-3.066 

-3.064 

-3.061 

-3.059 

-3.056 

-3.054 

-3.051 

-3.049 

-3.047 

-3.044 


-12.128 

-12.455 

-12.769 

-13.068 

-13.353 

-13.623 

-13.877 

-14.117 

-14.341 

-14.550 

-14.744 

-14.923 

-15.087 

-15.237 

-15.374 

-15.498 

-15.608 

-15.707 

-15.795 

-15.872 

-15.939 

-15.997 

-16.047 

-16.088 

-16.122 

-16.148 

-16.169 

-16.183 

-16.193 

-16.197 

-16.198 

-16.194 

-16.188 

-16.179 

-16.167 

-16.154 

-16.140 

-16.124 

-16.107 

-16.089 

-16.071 

-16.052 

-16.032 

-16.C13 

-15.993 

-15.974 

-15.954 

-15.935 
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O 


T (MSEC) 

MWO 

PfHI 

U (FT/SEO 

UX 

UY 

uz 

1.325 

-14.958 

-12.354 

19.672 

11.154 

-3.042 

-15. 

>916 

1.337 

-14.700 

-12.102 

19.652 

11.145 

-3.040 

-15. 

>898 

1.350 

-14.412 

-11.620 

19.632 

11.137 

-3.037 

— 15. 

*680 

1.362 

-14.094 

-11.506 

19.613 

11.129 

-3.035 

•15 1 

• 862 

1.375 

-13.753 

-11.170 

19.595 

11.121 

-3.033 

-15 

• 845 

1.387 

-13.390 

-10.812 

19.577 

11.113 

-3.031 

-15 

•629 

1.400 

-13.009 

-10.436 

19.559 

11*105 

-3.029 

-15 

• 814 

1.412 

-12.611 

-10.042 

19.542 

11.097 

-3.026 

-15 

.799 

1.425 

-12.198 

-9.634 

19.526 

11.089 

-3.024 

-15 

• 784 

1.437 

-11.773 

-9.213 

19.510 

11.081 

-3.022 

-15 

.77 1 

1.450 

-11.338 

-8.782 

19.495 

11.073 

-3.020 

-15 

• 758 

1.462 

>•10.895 

-8.342 

19.481 

11.Q66 

-3.018 

-15 

• 746 

1.475 

-10.446 

-7.897 

19.467 

11.058 

-3.016 

-15 

• 735 

1.487 

-9.990 

-7.444 

19*454 

11.050 

-3.014 

-15 

.724 

1.500 

-9.530 

-6.988 

19.441 

11.043 

-3.012 

-15 

• 715 

TOTAL 

IMPULSE  (PSI-HSEC) 

= 1C8. 6481466 
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T (MSEC) 

l»  (PSD 

PfHI 

U (FT/SEC) 

UX 

UY 

UZ 

• 212 

• 000 

•uco 

.000 

.000 

• 000 

• 000 

.225 

• coo 

• 000 

• COO 

• 000 

.000 

• COO 

.237 

157.080 

157.125 

2.051 

1.109 

-.303 

2.160 

.250 

167. 330 

167.382 

2. 765 

1.355 

-.370 

2.381 

• 262 

177.586 

177.651 

3.1C5 

1.635 

-.006 

2.602 

.275 

187.667 

187.706 

3.072 

1.952 

-.532 

2.822 

• 287 

197.336 

197.036 

3.863 

2.306 

-.629 

3.033 

• 30C 

206.300 

206.027 

0.275 

2.7G3 

-.737 

3.229 

• 312 

210.201 

214.390 

0.7G0 

3.136 

-.855 

3.000 

• 325 

220*809 

220.987 

5.100 

2.600 

-.983 

3.536 

.337 

225.809 

226.020 

5.591 

0.103 

-1.119 

3.630 

• 350 

229.457 

229.703 

6 *006 

0.629 

-1.262 

3.678 

• 362 

232.662 

232.947 

6.518 

5.187 

-1.015 

3.685 

.375 

236.858 

237.190 

7.C29 

5.791 

-1.579 

3.657 

• 387 

203.819 

244.208 

7.600 

6.061 

-1.762 

3.600 

• ooc 

250.660 

255.119 

8 .263 

7.217 

-1.968 

3 .510 

• 012 

269.621 

27C.167 

9.C13 

8.063 

-2.199 

3.373 

• 025 

268.420 

289.077 

9.853 

8.999 

-2.054 

3.177 

.037 

309.721 

31U.500 

10.767 

10.002 

-2.728 

2.903 

.050 

332.152 

233.078 

11.732 

11.009 

-3.013 

2.500 

• 062 

350.533 

355.623 

12.729 

12.112 

-3.303 

2.099 

.075 

375.892 

377.161 

13.739 

13.168 

-3.591 

1.571 

• 087 

395.519 

396.982 

10.707 

10.197 

-3.872 

.972 

• 500 

412.958 

414.625 

15.700 

15.182 

-0.101 

• 310 

• 512 

027.957 

429.830 

16.707 

16.110 

-0.395 

-.390 

.525 

44C.418 

442.512 

17.642 

16.985 

-0.632 

-1.126 

• 537 

050.287 

452.596 

18.538 

17.792 

-0.852 

-1.880 

• 550 

457.638 

460.167 

19.391 

18.533 

-5.050 

-2.602 

• 562 

462.575 

465.320 

20. 399 

19.209 

-5.239 

-3.002 

• 575 

465.120 

466.079 

c0.959 

19.820 

-5 .005 

-0.109 

.587 

065.570 

468.729 

21.672 

20.371 

-5.556 

-0.880 

• 600 

063.817 

067.172 

22.234 

20.863 

-5.690 

-5.586 

• 612 

060.281 

063.620 

22.951 

21.301 

-5.8Q9 

-6.265 

.625 

450.787 

058.508 

23.518 

21.667 

-5.915 

-6.913 

.637 

047.778 

051.666 

24.002 

22.026 

-6.008 

-7.530 

• 650 

439.149 

003.193 

20.520 

22.320 

-6.088 

-8.112 

.662 

429.159 

033.309 

20.956 

22.582 

-6.159 

-8.662 

.675 

017.973 

022.298 

25.357 

22.800 

-6.219 

-9.180 

.687 

005.532 

009.981 

25.718 

22.993 

-6.271 

-9.666 

.700 

392.150 

396.716 

26.006 

23.150 

-6.315 

-10.121 

• 712 

377.942 

382.610 

26.30  3 

23.289 

-6.351 

-10.508 

.725 

362.881 

367.605 

26.610 

23.000 

-6  « 362 

-10.906 

.737 

347.244 

352.090 

26.852 

23.090 

-6.006 

-11.322 

• 750 

331.167 

336.096 

27.070 

23.563 

-6.026 

-11.673 

• 762 

314.661 

319.662 

27.266 

23.620 

-6.002 

-12.002 

.775 

297.885 

302.951 

27.003 

23.663 

-6.050 

-12.31C 

• 787 

281.003 

286.128 

27.6C3 

23.690 

-6.062 

-12.599 

• 800 

260.085 

269*260 

27.707 

23.715 

-6.068 

-12.871 

G N 
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O 


T (MSEC) 

P(FSI) 

PPHI 

U (FT/SEC) 

UX 

UY 

uz 

• 612 

247.225 

252.452 

27.878 

23.727 

-6.471 

-13.126 

.825 

230.482 

235.754 

27.995 

23.731 

-6.472 

-13.366 

.837 

213.982 

219.294 

26.102 

23.729 

-6.472 

-13.592 

• 85C 

197.840 

203.169 

28.200 

23.723 

-6.470 

-13.806 

• 662 

18  2.138 

187.522 

28.290 

23.712 

-6.467 

-14.008 

.e75 

166.913 

172.328 

28.372 

23.698 

-6.463 

-14.199 

• 887 

152.204 

157.648 

28.448 

23.682 

-6.459 

-14.380 

• 400 

138.042 

143.513 

28.519 

23.663 

-6.454 

-14.550 

.912 

124.456 

129.951 

28.533 

23.643 

-6.446 

-14.711 

.925 

111.488 

117.CC6 

26.643 

23.622 

-6.442 

-14.863 

.937 

99.141 

104.681 

28.697 

23.600 

-6.436 

-15.005 

• 95C 

87.429 

92.988 

28.748 

23.578 

-6.430 

-15.138 

• 962 

76.383 

81.960 

28.793 

23.556 

-6.424 

-15.262 

.975 

66.002 

71.595 

28.835 

23.533 

-6.418 

-15.377 

.987 

56.274 

61.882 

28.873 

23.511 

-6.412 

-15.484 

1.000 

47.198 

52.819 

28.506 

23.489 

-6.406 

-15.582 

1.C12 

38.809 

44.441 

28.536 

23.466 

-6.400 

-15.672 

1.025 

31.0S4 

36.697 

28 .56  3 

23.447 

-6.395 

-15.754 

1.037 

23.920 

29.572 

28.586 

23.427 

-6.389 

-15.828 

1.050 

17.389 

23.049 

29.026 

23.407 

-6.384 

-15.895 

1.062 

11.483 

17.149 

29.022 

23.389 

-6.379 

-15.955 

1 .075 

6.135 

11.806 

29.036 

23.371 

-6.374 

-16.008 

1.C87 

1.322 

6.997 

29.047 

23.354 

-6.369 

-16.054 

1.100 

-2.984 

2.694 

29 .055 

23.337 

-6.365 

-16.094 

1.11? 

-6.800 

-1.119 

29.06  0 

23.322 

-6.360 

-16.129 

1.125 

-1C. 146 

-4.464 

29.C6  4 

23.307 

-6.356 

-16.158 

1.137 

-13.072 

-7.390 

29.C65 

23.293 

-6.353 

-16.182 

1.150 

-15.608 

-9.926 

29 .06 4 

23.279 

-6.349 

-16.202 

1.162 

-17.782 

-12.101 

29.062 

23.266 

-6.345 

-16.218 

1.175 

-19.621 

-13.942 

29.C58 

23.253 

-6.342 

-16.230 

1.187 

-21.150 

-15.473 

29.052 

23.241 

-6.339 

-16.239 

1.200 

-22.389 

-16.714 

29.045 

23.230 

-6.335 

-16.244 

1.212 

-23.373 

-17.701 

29.C58 

23.219 

-6.332 

-16.248 

1.225 

-24.125 

-18.457 

29.C29 

23.208 

-6.329 

-16.249 

1.237 

-24.685 

-19.C20 

29.020 

23.196 

-6.327 

-16.248 

1.250 

-25.076 

-19.415 

29 • Cl  1 

23.188 

-b.324 

-16.247 

1.262 

-25.316 

-19.658 

29.CC1 

23.176 

-6.321 

-16.244 

1.275 

-25.417 

-19.764 

26.991 

23.168 

-6.319 

-16.241 

1.287 

-25.395 

-19.745 

28.980 

23.159 

-6.316 

-16.236 

1.300 

-25.261 

-19.616 

28.570 

23.150 

-6.314 

-16.232 

1.312 

-25.028 

-19.386 

28 .560 

23.141 

“6.311 

-16.227 

1.325 

-24.705 

-19.068 

28 .549 

23.133 

-6.309 

-16.222 

1.337 

-24.304 

-18.670 

28.539 

23.124 

-6  'j  307 

-16.217 

1.350 

-23.833 

-18.204 

28.529 

23.116 

-6.304 

-16.211 

1.362 

-23.300 

-17.675 

28.519 

23.108 

-6.302 

-16.207 

1.375 

-22.708 

-17.086 

28.51C 

23.100 

-6.300 

-16.202 

1.367 

-22.070 

-16.452 

28,501 

23.092 

-6.298 

-16.198 

1.400 

-21.395 

-15.780 

28 .892 

23.084 

-6.296 

-16.194 
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TIMSCC 

P<WI) 

PfHI 

U ( FT/SEC) 

ox 

UY 

uz 

1.412 

-20.689 

-15.077 

28  .88  3 

23.076 

-6.293 

-16.190 

1.425 

-19.957 

-14.349 

28  .874 

23.068 

-6.291 

-16.187 

1.437 

-19.206 

-13.601 

28  .866 

23.061 

-6.289 

-16.184 

1.450 

-18.442 

-12.840 

28.858 

23.053 

-6.287 

-16.161 

1.462 

-17.670 

-12.071 

28  .850 

23.045 

-6.285 

-16.179 

1.475 

-16.893 

-11.297 

28  .343 

23.036 

-6.283 

-16.177 

1.487 

-16.113 

-10.520 

28.836 

23.Q3U 

-6.281 

-16.176 

1.5C0 

-15.338 

-9.747 

28 .829 

23.022 

-6.279 

-16.175 

TOTAL  IMPULSE  tPSI-MSEC)  = 212.7828846 
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JTCG/AS-74-T-0 1 8 


PRESSURE  CALCULATED  AT  POINT 

X - 36.00  (IN)  Y - 30.00  (IN)  2 - 18.00  (IN) 

SOURCE  COORDINATES 


X 

w 

xo 

YO 

20 

XI 

Y1 

21 

1 -IS. 000 

5.701 

30.500 

31. SCO 

.000 

30.500 

31.500 

-60.000 

2 13. one 

5.701 

30.500 

31 .500 

.000 

30 • 5 JO 

31.500 

60.000 
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JTCG/ AS-74-T-0 1 8 


T (MSEC) 

P (PSD 

PPHl 

U (FT/SEC) 

ux 

UY 

uz 

• 3C0 

.000 

• 000 

.coc 

• 000 

.000 

.000 

• 312 

.000 

• 000 

.COG 

.000 

.000 

.000 

.325 

116.488 

116.510 

1.797 

.53  6 

-.147 

1.708 

.337 

123.179 

123.205 

1.974 

• 632 

-.172 

1.862 

• 3SU 

130.220 

130.252 

2.167 

.737 

-.201 

2.028 

• 362 

137.623 

137.661 

2. 276 

.857 

-.234 

2.204 

• 376 

145.391 

145.436 

2.604 

.994 

-.271 

2.392 

• 367 

153.517 

153.572 

2.851 

1.148 

-.313 

2.590 

• 400 

1 6 1 . V 7 8 

162.044 

3.118 

1.32  5 

-.361 

2.800 

• 412 

170. ’57 

170.835 

3.408 

1.525 

-.416 

3.019 

• 425 

16C.090 

180.183 

3.72S 

1.756 

-.479 

3.251 

.437 

191.230 

191.343 

4.C92 

2.030 

-.554 

3.510 

• 450 

207.342 

207.482 

4.562 

2.381 

-.649 

3.836 

• 462 

233.527 

233.710 

5 .222 

2.866 

-.782 

4.293 

• 475 

274.958 

275.214 

6 .169 

3.569 

-.973 

4.937 

.437 

33«l.OOS 

334. 38C 

7 .465 

4.553 

-1.242 

5.784 

.500 

409.284 

409.843 

9 .118 

5.866 

-1.600 

6.795 

• 512 

495*191 

496.C16 

11.C72 

7.510 

-2.048 

7.874 

• 525 

584.979 

586.159 

13.246 

9.453 

-2.578 

8.914 

• 537 

671.379 

673. C03 

15.541 

11.631 

-3.172 

9.807 

.550 

748.292 

750.438 

17.861 

13.96Q 

-3.807 

10.472 

.562 

811.272 

613.996 

20.125 

16.347 

-4.458 

10.859 

.575 

858.027 

661.363 

22.272 

18.707 

-5.102 

10.957 

.587 

868.338 

892.299 

24.266 

20.972 

-5.720 

10.784 

• 600 

903.043 

907.619 

26.083 

23.086 

-6.296 

10.377 

• 612 

903.993 

909.161 

27.717 

25.016 

-6.823 

9.787 

• 625 

893.677 

699,402 

29.175 

26.754 

-7.297 

9.062 

• 637 

874.435 

680.679 

30.465 

28.294 

-7.716 

8.249 

• 650 

848.480 

855.198 

31.602 

29.644 

-8.085 

7.389 

• 662 

817.621 

824,770 

32.599 

30.816 

-8.404 

6.513 

• 675 

783.489 

791.025 

33. 471 

31.629 

-8.681 

5.646 

.687 

747.489 

755.372 

34.233 

32.700 

-8.918 

4.802 

.700 

710.471 

718.662 

34  .896 

33.445 

-9.121 

3.996 

.712 

673.246 

681.711 

35  .474 

34.081 

-9.295 

3.234 

.725 

636.346 

645.053 

35  .976 

34.623 

-9.443 

2.519 

.7  5 7 

600.191 

609.110 

36  .412 

35.084 

-9.568 

1.852 

• 75.0 

564.974 

574,080 

36.791 

35.475 

-9.675 

1.233 

.76  2 

530.934 

540,203 

37.12C 

35.806 

-9.765 

• 660 

• 775 

498.241 

507.653 

37.406 

36.088 

-9.842 

• 130 

• 7d7 

466.985 

476.524 

37.656 

36.328 

-9.908 

-.362 

.600 

437.155 

446.604 

37.876 

36.532 

-9.963 

-.818 

• 812 

408.704 

416.452 

38 .C67 

36. 70  6 

-10.011 

-1.242 

• 625 

381.554 

391.386 

38 .235 

36.354 

-10.051 

-1.636 

.637 

355.661 

365.571 

38 .38  3 

36.980 

-10.085 

-2.004 

• 650 

33C.967 

340.944 

38.511 

37.085 

-10.114 

-2.347 

• 862 

307.383 

317.416 

38.624 

37.174 

-10.138 

-2.669 

.875 

264.879 

294.965 

38  .723 

37.248 

-10.159 

-2.971 

• 887 

26  2.416 

273. S48 

36 .809 

37. 310 

-10.175 

-3.255 

.900 

242.935 

253 . 106 

36  .885 

37.360 

-10.189 

-3.522 

O ! 
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JTCG/AS-74-T-0 1 8 


O 


T (MSEC) 

P (PSD 

PPHI 

U (FT/SEC) 

ux 

UY 

UZ 

• 912 

22  3.413 

233.616 

38 .551 

37.402 

-10.200 

-3.774 

.925 

204.810 

215.U46 

39  .CC9 

37.435 

-10.210 

-4.012 

.937 

187.083 

197.346 

39  .CoC 

37.461 

-10.217 

-4.237 

.950 

170.209 

180.995 

39.10  5 

37.482 

-10.222 

-4.450 

• 962 

154. 17P 

169.976 

39.144 

37.497 

-10.226 

-4.652 

.975 

138.940 

149.265 

39.178 

37.508 

-10.229 

-4.843 

.987 

124.503 

134.849 

39 .206 

37.515 

-10.231 

-5.024 

1.G0C 

11C. 843 

121.196 

39 .234 

37.519 

-10.232 

-5.195 

1.012 

97.943 

106.310 

39 .258 

37.520 

-10.233 

-5.357 

1.025 

85.803 

96.181 

39  .278 

37.519 

-10.232 

-5.510 

1.C37 

74.397 

84.784 

39 .296 

37.517 

-10.232 

-5.654 

1.C5CI 

63.710 

74.105 

39.311 

37.512 

-10.231 

-5.790 

1.162 

53.747 

64.149 

39 .325 

37.507 

-10.229 

-5.917 

1.075 

44.488 

54.897 

39 .337 

37.501 

-10.228 

-6.037 

1.087 

35.907 

46.322 

39 .348 

37.495 

-10.226 

-6.148 

1.1GC 

27.989 

38.408 

39 .357 

37.488 

“10.224 

-6.253 

1.112 

20.750 

31.174 

39  .365 

37.481 

-10.222 

-6.349 

1.125 

14.139 

24.566 

39.372 

37.473 

-10.220 

-6.439 

1.137 

8.133 

18.564 

39.378 

37.466 

-10.218 

-6.522 

1.150 

2.712 

13.145 

39 .364 

37.459 

-10.216 

-6.598 

1.162 

-2.119 

8.317 

39.388 

37.452 

-10.214 

-6.668 

1.175 

-6.413 

4.026 

39.392 

37.445 

-10.212 

-6.733 

1.187 

-1C. 199 

• 241 

39 .396 

37.439 

-10.211 

-6.791 

1.200 

-13.497 

-3.055 

39.399 

37. 43 J 

-10.209 

-6.845 

1.212 

-16.337 

-5.693 

39.402 

37.427 

-10.2C7 

-6.895 

1.225 

-18.734 

-8.289 

39.405 

37.422 

-10.206 

-6.939 

1.237 

-20.741 

-10.295 

39.407 

37.417 

-10.205 

-6.980 

1.250 

-22.385 

-11.938 

39.409 

37.413 

-10.203 

-7.017 

1.262 

-23.697 

-13.249 

39.41C 

37.408 

-1C. 20? 

-7.050 

1.275 

-24.703 

-14.255 

39.412 

37.404 

-1C.2C1 

-7.081 

1.287 

-25.432 

-14.983 

39  .413 

37.401 

-10.250 

-7.108 

1.3C0 

-25.902 

-15.452 

39  .414 

37.397 

-10.199 

-7.134 

1.312 

-26.148 

-15.696 

39.415 

37.399 

-10.198 

-7.157 

1.325 

-26.2Qn 

-15.750 

39  .416 

37.391 

-10.198 

-7.178 

1.337 

-26.092 

-15.641 

39  .416 

37.388 

-10.197 

-7.198 

1.350 

-25.839 

-15.388 

39  .417 

37.385 

-10.196 

-7.217 

1.362 

-25.471 

-15.U19 

39 .417 

37.332 

-10.195 

-7.234 

1.375 

-25.003 

-14.551 

39  -417 

37.379 

-10.194 

-7.251 

1.387 

-24.450 

-13.999 

39  .417 

37.377 

-10.194 

-7.267 

1.900 

-23.828 

-13.376 

39.417 

37.374 

-10.193 

-7.282 

1.912 

-23.148 

-12.697 

39  .417 

37.371 

-10.192 

-7.296 

1.925 

-22.423 

-11.972 

39.416 

37.367 

-10.191 

-7.310 

1.937 

-21.663 

-11.213 

39.415 

37.364 

-10.190 

-7.324 

1.450 

-20.878 

-10.429 

39  .414 

37.361 

-10.189 

-7.337 

1.462 

-20.C73 

-9.624 

39.413 

37.357 

-10.188 

-7.349 

1.475 

-19.259 

-8.811 

39  .411 

37.353 

-10.187 

-7.361 

1.487 

-ie.444 

-7.997 

39.409 

37.349 

-10.166 

-7.373 

1.500 

-17.633 

-7.186 

39.407 

37.345 

-10.185 

-7.385 

tgtal 

IMPULSE  (PSI-MSEC) 

= 297.114086? 

.1 
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JTCG/AS-74-T-OI8 

PRESSURE  CALCULATED  AT  POINT 

X - 36.00  (IN)  V - 30.00  (IN)  Z - 24.00  (IN) 

SOURCE  COORDINATES 


"i 


x W X0  Y0  ZO  XI  Y1  Z1 


1 -24.000  5.701  30.500  31  .500  .000  3C.5U0  31  .500  -60.000  -1 . 

2 24.000  5.701  30.500  31.500  .000  30.500  31.500  60.000  1. 
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JTCG/AS-74-T-01 8 


» 


T (MSEC) 

P(PSl) 

PPHI 

U (FT/SEC) 

UX 

JY 

uz 

• 4 CO 

.000 

• uQU 

.cno 

.000 

.000 

• 000 

.412 

.oon 

.000 

• cue 

.000 

.00  0 

.000 

* 425 

52.821 

92.635 

1 .426 

.328 

-.089 

1.385 

.437 

97.086 

97.102 

1.536 

.372 

-.101 

1.487 

.450 

101 o 580 

101.599 

1.654 

.421 

-.115 

1.596 

• 462 

106.321 

1C6.342 

1 .732 

.476 

-.130 

1.712 

.475 

111.326 

111.351 

1.919 

.538 

-.147 

1.836 

• 487 

116.615 

116.643 

>.C6  7 

.608 

-.165 

1.969 

.500 

1.22.206 

122.239 

2.227 

.683 

-.186 

2.111 

.512 

128.191 

128.230 

2.400 

.769 

-.210 

2.264 

.525 

135.192 

135.233 

2.598 

.870 

-.237 

2.436 

.537 

145.439 

145.494 

2.8  56 

.999 

-.272 

2.661 

• 55C 

163.457 

163.566 

3.248 

1.186 

-.323 

3.006 

.562 

195.562 

195.66  5 

3 .878 

1.478 

-.403 

3.562 

.575 

246.768 

246.925 

4 .839 

1.928 

-.526 

4 .407 

.587 

317.923 

316.176 

6.163 

2.573 

-.702 

5.556 

• fcOU 

405.709 

406.120 

7.824 

3.431 

-.936 

6.969 

.612 

503.819 

504.458 

9 .747 

4.497 

-1.227 

8.560 

.625 

604.292 

605.233 

11.829 

5.747 

-1.567 

10.219 

.637 

698.836 

700.146 

13.955 

7.137 

-1.947 

11.632 

• 65U 

780.509 

782.236 

16 .02 1 

8.616 

-2.350 

13.301 

.662 

844.799 

846.967 

17.953 

10.134 

-2.764 

14.560 

.675 

869.906 

892,..  520 

19.711 

11.646 

-3.177 

15.581 

.687 

916.163 

919.209 

21.231 

13.128 

-3.5an 

16.362 

. 70C 

925.642 

929.100 

22.673 

14.557 

-3.970 

16.924 

.712 

921.298 

925.144 

23.911 

15.926 

-4.344 

17.297 

.725 

905.795 

910.004 

25  .015 

17.233 

-4. 700 

17.512 

.737 

882.114 

886.664 

26 .009 

13.478 

-5.039 

17.597 

.750 

352.231 

857.101 

26  .907 

19.656 

-5.361 

17.576 

.762 

818.2  58 

823.410 

27.727 

20.772 

-5.665 

17.470 

.775 

781.732 

787.187 

28  .478 

21.827 

-5.953 

17.295 

.787 

744.189 

749.914 

29.174 

22.826 

—6  r>225 

17.068 

.ere 

706.326 

712.307 

29.818 

23.766 

-6.482 

16.798 

.812 

668.679 

674.901 

30.413 

24.652 

-6.723 

16.495 

.525 

631.564 

636.011 

30.959 

25.475 

-6.948 

16.163 

.837 

595.262 

601.919 

31.458 

26.236 

-7.156 

15.809 

.850 

560.042 

566.892 

31.912 

26.943 

-7.348 

15.442 

• 862 

525.922 

532.949 

32.321 

27.588 

-7.524 

15.065 

.875 

493.135 

500.224 

32  .690 

26.176 

-7.685 

14.683 

.687 

461.619 

468.953 

33.019 

28.714 

-7.831 

14.300 

.500 

431.377 

438.641 

33.311 

29.196 

-7.963 

13.918 

.512 

402.608 

410.189 

33.571 

29.636 

-8.082 

13.543 

.525 

375.096 

382. 780 

33.799 

30.029 

-8.190 

13.175 

.537 

348.854 

356.629 

33.998 

30.381 

-8.286 

12.815 

.550 

323.897 

331.752 

34 .171 

30.695 

-8.371 

12.466 

. v62 

300.230 

308.154 

34.322 

30.977 

-8.448 

12.128 

.575 

277.741 

285.726 

34  .453 

31.227 

-8.517 

11.802 

.587 

256.409 

264.445 

34 . 564 

31.45C 

-8.577 

11.489 
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T (MSEC) 

P(PSI) 

PPHI 

U (FT/SEC) 

UX 

UY 

uz 

1.000 

236.181 

244.262 

34  .66C 

31.649 

-8.631 

11.187 

1.012 

217.028 

225.146 

34  .740 

31.825 

-8.679 

10.896 

1.025 

198.923 

207.073 

34.809 

31.981 

-8.722 

10.620 

1.037 

181.821 

189.999 

34  .867 

32.120 

-8*760 

10.355 

1.C50 

165.696 

173.897 

34.915 

32.245 

-8.794 

10.101 

1.062 

15C.529 

158.749 

34.956 

32.356 

-8.824 

9.858 

1.075 

136.266 

144.501 

34  .990 

32.455 

-8.851 

9.626 

1.L67 

122.879 

131.128 

35.019 

32.544 

-8.876 

9.404 

1.100 

110.342 

118.602 

35  .042 

32.624 

-8.897 

9.192 

1.112 

98.625 

106.894 

35.062 

32.696 

-8.917 

8.990 

1.125 

87.715 

95.992 

35 .078 

32.761 

-8.935 

8.797 

1.137 

77.577 

85.661 

35  .092 

32.820 

-8.951 

8.612 

1.100 

68.184 

76.473 

35.104 

32.874 

-8.966 

8.437 

1.162 

59.521 

67.815 

35.114 

32.924 

-8.979 

8.270 

1.175 

51.566 

59.665 

35.123 

32.969 

-8.992 

8.111 

1.167 

44.281 

52.583 

35.131 

33.012 

-9,003 

7.960 

1.200 

37.637 

45.942 

35.138 

33.051 

-9.014 

7.816 

1.212 

31.630 

39.939 

35  .145 

33.087 

-9.024 

7.680 

1.225 

26.224 

34.536 

35.152 

33.122 

-9.033 

7.551 

1.237 

21.377 

29.692 

35.159 

33.154 

-9.042 

7.429 

1.250 

17.056 

25.374 

35 . 165 

33.184 

-9.050 

7.313 

1.262 

13.249 

21.570 

35.172 

33.213 

-9.058 

7.204 

1.275 

9.914 

18.239 

35.178 

33.240 

-9.065 

7.101 

1.287 

7.011 

15.339 

35.185 

33.266 

-9.072 

7.004 

1.300 

4. 508 

12.838 

35.191 

33.290 

-9.079 

6.912 

1.312 

2.373 

lu.707 

35 .198 

33.313 

-9.085 

6.625 

1.325 

.593 

6.930 

35 .204 

33.334 

-9.091 

6.744 

1.337 

-.877 

7.462 

35 .210 

33.355 

-9.097 

6.668 

1.35C 

-2.071 

6.272 

35  *216 

33.374 

-9.102 

6.596 

1.362 

-3.015 

5.330 

35  .222 

33.392 

-9.107 

6.528 

1.375 

-3.737 

4.611 

35 .228 

33.410 

-9.112 

6.465 

1.387 

-4.259 

4.091 

35.233 

33.426 

-9,116 

6.405 

1.400 

-4.601 

3.752 

35.239 

33.441 

-9.120 

6.348 

1.412 

-4.788 

3.567 

35  .24  3 

33.455 

-9.124 

6.295 

1.425 

-4.848 

3. 509 

35 .24  3 

33.466 

-9.128 

6.245 

1.437 

-4.810 

3.550 

35  .252 

33.480 

-9.131 

6.197 

1.450 

-4.692 

3.669 

35.255 

33.491 

-9.134 

6.152 

1.462 

-4.508 

3.854 

35.256 

33.501 

-9.137 

6.109 

1.475 

-4.269 

4.094 

35 .260 

33.511 

-9.139 

6 . 068 

1.487 

-3.987 

4.376 

35 .262 

33.519 

-r.142 

6.029 

1.500 

-3.668 

4.696 

35 .264 

33.527 

-9.144 

5.991 

TOTAL  IMPULSE  <PSI-MSEC)  = 3LC.512U926 
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T (MSEC) 

F(FSI) 

mi 

U (FT/SEC) 

ux 

UY 

uz 

• 500 

• 000 

• 000 

.000 

• 000 

• 000 

• 000 

• 512 

• COO 

•coo 

• 000 

• OOQ 

• 000 

• 000 

• 525 

76.128 

76.137 

1.166 

• 216 

-.059 

1.144 

• 537 

78.944 

78.954 

1.238 

• 239 

-.065 

1.213 

• 550 

81.896 

81.908 

1.315 

• 265 

-.072 

1.286 

.562 

84*994 

85.008 

1.397 

.293 

-.060 

1.364 

.575 

88.250 

88.265 

1.485 

• 324 

-.088 

1.446 

• 587 

91.676 

91.692 

1.578 

• 356 

-.098 

1.533 

• 600 

95.286 

95.305 

1.677 

.395 

-.108 

1.626 

.612 

99.169 

99.210 

1.785 

• 437 

-.119 

1.726 

• 625 

104.069 

104.093 

1.912 

• 486 

-.132 

1.844 

• 637 

112*172 

112.202 

2.093 

• 551 

-.150 

2.014 

• 650 

127,751 

127.790 

2. 297 

• 653 

-.178 

2.299 

• 662 

156.203 

156.260 

2 .91 Q 

• 82U 

-.224 

2.784 

• 675 

200*708 

200.800 

3.692 

1.076 

-.293 

3.519 

• 687 

260.814 

260.965 

4.746 

1.434 

-.391 

4.507 

• 700 

332.608 

332.852 

6.025 

1.892 

-.516 

5.697 

.712 

409,727 

410.100 

7.442 

2.432 

— . 663 

7.0C2 

.725 

464.861 

485.393 

6 .894 

3.029 

-.826 

8.321 

• 737 

551*091 

551. SCI 

10.276 

3.647 

-.995 

9.555 

.750 

603.449 

604.340 

11.510 

4.255 

-1.160 

10.632 

• 762 

639.628 

640.669 

12.555 

4.829 

-1.317 

11.514 

.775 

659,736 

660.944 

13.4Q1 

5.355 

-1.460 

12.197 

• 787 

665.930 

667.262 

14.C71 

5.830 

-1.590 

12.707 

• 800 

661.122 

662.556 

14  .600 

6.261 

-1.708 

13.079 

• 812 

648.238 

649.756 

15.C24 

6.656 

-1.815 

13.347 

• 825 

629.893 

631.483 

15.375 

7.023 

-1.915 

13.542 

.837 

607.980 

609.633 

15.676 

7.370 

-2.010 

13.689 

• 650 

584.534 

586.246 

15.954 

7.708 

-2.102 

13.809 

.862 

560.832 

562.603 

16.226 

8.045 

-2.194 

13.919 

• 875 

537.434 

539.265 

16.498 

8.385 

-2.287 

14.023 

• 887 

514.633 

516.526 

16.773 

8.729 

-2.381 

14.124 

• 9 CO 

492.602 

494.559 

17.C54 

9.079 

-2.476 

14.223 

.912 

471.414 

473.436 

17.340 

9.436 

-2.574 

14.319 

• 925 

451.082 

453.173 

17.632 

9.801 

-2.673 

14.411 

.937 

431.578 

433.740 

17.926 

1C. 172 

-2.774 

14.496 

• 950 

412.825 

415.U59 

18 . 223 

10.550 

-2.877 

14.578 

• 962 

394.750 

397.057 

18.520 

10.933 

-2.982 

14.648 

• 975 

377.403 

379.784 

18.817 

11.322 

-3.088 

14.709 

• 987 

360.590 

363.047 

19.111 

11.714 

-3.195 

14.753 

1.000 

344.250 

346.782 

19.399 

12.109 

-3.303 

14.792 

1.012 

328.497 

331.103 

19.684 

12.507 

-3.411 

14.812 

1.025 

313.085 

315.765 

19.960 

12.904 

-3.519 

14.816 

1.037 

298.188 

300*941 

20.229 

13.30C 

-3.627 

14.804 

1.050 

263.612 

286.435 

20.488 

13.694 

-3.735 

14.775 

1*062 

269.556 

272.449 

20.739 

14.085 

-3.841 

14.730 

1.C75 

255.816 

258.777 

20.979 

14.471 

-3.947 

14.667 

1.C87 

242fc551 

245.577 

21.208 

14.6S1 

-4*050 

14.589 

u 


e> 
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O 


o 


o 


o 


T (MSEC) 

P(PSI), 

PPHI 

U (FT/SEC) 

UX 

UY 

uz 

1.100 

229.719 

232.807 

21.427 

15.224 

-4.152 

14.496 

1.112 

217.263 

220.411 

21.634 

15.586 

-4.251 

14.387 

1.125 

205.309 

208.515 

21.831 

15.945 

-4.349 

14.264 

1.137 

193.824 

197.085 

22.018 

16.291 

-4.443 

14.129 

1.150 

182.759 

186.072 

22.193 

16.627 

-4.535 

13.982 

1.162 

172.137 

175.499 

22.257 

16.951 

-4.623 

13.825 

1.175 

162.013 

165.421 

22.511 

17.262 

-4.708 

13.659 

1.187 

152.364 

155.817 

22.656 

17.564 

-4.790 

13.485 

1.200 

143.156 

146.650 

22.791 

17.852 

-4.869 

13.305 

1.212 

134.385 

137.918 

22.916 

18.127 

-4.944 

13.119 

1.225 

126.058 

129.626 

23.C32 

18. >39 

-5.015 

12.930 

1.237 

118.166 

121.768 

23.141 

18.639 

-5.083 

12.738 

1.250 

110.699 

114.333 

23.241 

18.875 

-5.148 

12.545 

1.262 

103.655 

107.317 

23.334 

19.099 

-5.209 

12.352 

1.275 

97.048 

100.738 

23.«2C 

19.311 

-5.267 

12.159 

1.287 

90.836 

94.550 

23.499 

19.510 

-5.321 

11.969 

1.300 

85.009 

88.747 

23.573 

J 698 

-5.372 

11.782 

1.312 

79.569 

83.329 

23.641 

19.875 

-5.420 

11.598 

1.325 

74.511 

78.291 

23.704 

20.040 

-5.466 

11.418 

1.337 

69.806 

73.606 

23.762 

20.196 

-5.508 

11.243 

1.350 

65.447 

69.262 

23.815 

20.341 

-5.548 

11.073 

1.362 

61.423 

65.254 

23.864 

20.477 

-5.585 

10.909 

1.375 

57.733 

61.579 

23.910 

20.605 

-5.619 

10.750 

1.387 

54.345 

58.204 

23.952 

20.724 

-5.652 

10.597 

1.400 

51.243 

55.115 

23.991 

20.835 

-5.682 

10.450 

1.412 

48.413 

52.296 

24  .027 

20.938 

-5.710 

10.310 

1.425 

45.843 

49.737 

24 .061 

21.035 

-5.737 

10.175 

1.437 

43.524 

47.428 

24  .09  1 

21.125 

-5.761 

10.046 

1.450 

41.427 

45.341 

24.120 

21.210 

-5.784 

9.923 

1.462 

39.536 

43.458 

24 .148 

21.286 

-5.806 

9.805 

1.475 

37.836 

41.765 

24 .170 

21.361 

-5.826 

9.692 

1.487 

36.310 

40.246 

24 .192 

21.429 

-5.844 

9.585 

1.50C 

34.944 

38.887 

24  .212 

21.493 

-5.862 

9.483 

o 


TOTAL  IMPULSE  <PSI-MSEC)  = 247.8301487 
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Appendix  A 

DERIVATIVES  OF  POTENTIAL 


POTENTIAL 


<t> 


yr)  i 

J 7 A(£)-B 


d£ 


LEIBNITZ’S  RULE 

3£  _ 

3t  2Rb 


3Xb(r) 

at 


.£  f <!£ 

2 J r 


a <t>  _ BAb 

aw  *2r5 


*b<r> 


3Xb<T)1-fJ 


dw  j 2 J 3w 
o 


t - tb(«) 


dt 


Xb(r) 


DERIVATIVES  OF  Xb<T) 


axb(r)  axb(r)  ar  dT 


at 


dr  at  at 


Similarly, 


3*b(r)  _ 3r 

dw  dw 

9Xb(r)_w8T 

3x  3x 


j 
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Integral  in  30/3 1 expression 

Xb  x„ 


Vu2  + (x-5)2 

y = x - £ £ = x -y  d{  = -dy 


1 = 


x-xb 

-J  -* 


Vw2  + y2 


From  tables 


x - Xw 


I = - 


fin  (y  + Vcj2  + y2  j 

' x 

x + Vw2  + x2 


= fin 


- Xb  + V<o2  + (x-  Xb)2 


I = fin 


x + Rr 


x - xb  + Rb 

Derivatives  within  integrals  of  30/3x,  30/3w  expressions 


M/l  = .X  <*£.=.!  JL  Vw2  + (x-^)2  = -— 

3w  f2  3w  r2  3cj  r3 


Hi.  .J-2i . .1 A Voj2 + (x  - s)2  - 
3x  f2  3x  r2  3x  r3 


Combining  terms 


3^  _ ?^b  V + B2  _ / **R°  \ 

3t  ~ *2Rh  y x ' Xb  2 \x*xb  + Rb/ 

1 «.  — n 


R 
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5b<T> 


|*-4£  -—Kr  * ¥ I fA({)B(.-tb)Uu£ 

3<o  2Rb  ^ y x~  Xb  2 3 l Jf3 


c Rv 


V x~  Ab  xb(r) 

, ° RL  . +iif  |a($)-B  [t-tb($)|{  ^d* 

dx  2Rb  X 2 { \ b J i r3 

c Ru 


PROGRAMMING  NOTE 

The  remaining  integrals  are  difficult  to  evaluate  numerically.  For  example,  for  x term 
define 


Xb(r) 

=J  |a($)-B  t-tb($)JJ^ 


T‘* 


Find  an  expression  for  31/dt  and  calculate  l as  a function  of  time  by  integrating  9I/3t. 


Xb(T)  *’xb  x * xb 


= (k ' r'o) 


taartvarmi tc.» :.t,,,«...  ■ • < - .-.  if  ■•-■  .■  ■ 


aaaiaaass^ 
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Appendix  B 

UTILIZATION  OF  IMAGE  LIMITER  ARRAY 


I.  SAMPLE  PROBLEM  - SEMI-INFINITE  FLUID 
A.  Pressure  at  a Point  Within  Fluid 


FluiJ  surface  at  X=  0,  pressure  at  PG,  image  as  shown. 

Image  limiter  array: 

LPH),  LP(2).  LP(3)  = 0.0,0 
LM(l),  LM(2),  LM(3)  = i ,0,0 

Pressure  at  PG  includes  primary  pressure  wave  plus  reflection  from  free  surface  calcu- 
lated from  negative  image. 


JTCG/AS-74-T-018 


Fluid  between  planes  X=  0 and  X = L pressure  calculated  at  point  PG. 

1.  Source  in  cell  0 gives  primary  pressure. 

.2.  Negative  image  at  cell  +1  gives  reflection  from  surface  at  X = L. 

3.  Negative  image  at  cell  -1  gives  reflection  from  surface  at  X = 0. 

4.  Image  at  cell  +2  gives  twice  reflected  wave  from  source  in  cell  0 to  surface  X = 0 to 
surface  X = L to  point  PG. 

5.  Image  at  cell  *2  gives  twice  reflected  wave  from  source  in  cell  0 to  surface  X = L to 
surface  X * 0 to  point  PG. 

Number  of  images  along  the  X axis  increases  the  number  of  reflections  which  are 
accounted  for.  If  pressure  is  to  be  calculated  for  time,  T,  the  number  of  images,  N,  requires 
approximately 

2N  + 1 > • 

where  c is  the  sound  speed  in  the  fluid. 

NOTE.  Computer  running  time  is  propor- 
tional to  product  NT  for  the  semi-infinite 
slab. 


NOTE.  The  free  surface  approximation  for 
light  structures  gives  increasingly  inaccurate 
results  for  multiple  reflections. 

NOTE.  Pressure  from  a given  image  source 
decays  approximately  with  1 /R^  dependence 
so  reflecting  waves  become  progressively  less 
important  with  increasing  cell  number. 

Economics  and  accuracy  indicate  truncation  of  the  number  of  images. 

Image  limiter  array  for  illustrated  example  with  twice  reflected  waves: 

LP(1),  LP(2),  LP(3)  = 2,0,0 
LM(  1 ),  LM(2),  LM(3)  = 2,0,0 


V. 
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B.  incident  Pressure  on  Surface  at  X = 0 

Find  images  which  contribute  to  incident  pressure  in  sample  problem  IIA.  Incident 
waves  come  from  the  right.  Waves  reflected  from  the  surface  X = 0 arise  from  images  on  the 
left.  (If  the  incident  and  reflected  waves  were  added,  the  result  would  be  zero.)  Therefore, 
the  image  array  should  be 


Image  limiter  array: 

LP(1 ),  LP(2),  LP(3)  * 2,0,0 
LM(  1 ),  LM(2),  LM(3)  = 0,0,0 

c.  Incident  Pressure  gn.Sucfi«  at  X ■ L 

Same  logic  as  example  IIB.  Incident  waves,  in  this  case,  come  from  the  left. 


/ 

\ 

/' 

) PG 

-3 

-2L 

-2 

-L 

-1 

0 

0 

L 

1 

U 


o 


o 


U 


O 


U 


i ) 


Image  limiter  array: 

LP(1).  LP(2),  LP(3)  = 0,0,0 
LM(1),  LM(2),  I„M(3)  = 2,0,0 
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UL  RECTANGULAR  CROSS-SECTIONAL  CYLINDER 


■filar 


Extend  logic  of  example  IIA  to  two  dimensions. 


(-1. 1)  ^ 

N (0.  11 

\ 
(-1.  0)  \ 

PG  / 

to.  oi 

\ 
11,  0)  XN 

v 10.  -1) 
\ 

Image  limiter  array: 

LP(1),  LP(2),  LP(3)  = 1,1,0 
LM(1),  LM(2),  LM(3)  = 1,1,0 


NOTE.  The  number  of  images  required  for 
time,  T,  with  fluid  volume  dimension  L is 
approximately: 


2N  + 12(t) 

Economics  may  dictate  truncation  of  the  number  of  images. 
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B.  Incident  Pressure  at  a Surface 

Let  the  point  be  the  surface  Y = L.  Referring  to  example  IIIA,  incident  waves  on  this 
surface  come  from  below;  reflected  waves  come  from  above.  Image  array  is  then 


+ Y 

/rx 

^ (-1. 0) 
\ 

(0.  0) 

v 11.  0) 
X 

s 

% 

/ 

/ 

9 

/ ® 
r- 

i) 

1 

Image  limiter  array: 

LP(1),  LP(2),LP(3)=  1,0,0 
LM(1),LMC),LM(3)=  1,1,0 


IV.  NONRECT ANGULAR  VOLUMES 

Nonrectangular  volumes  cannot  be  treated  exactly  using  the  method  of  images  for 
wave  reflections.  Exact  treatment  is  very  difficult  and  computer  codes  are  not  available.  The 
following  suggest  ways  for  approximately  accounting  for  wave  reflections  in  nonrectangular 
volumes.  Incident  pressures  will  be  considered. 

Circular  cylinder:  construct  rectangular  volume  for  each  individual  point  on  the 
surface. 
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Appendix  C 

COORDINATE  TRANSFORMATION 

1.  Entrance  coordinates  (Xq,  Yq,  Zq)  = ]£0 

2.  Point  on  trajectory  (Xj,  Yj,  Z\)  = itj 

3.  Point  in  space  (Xp,  Yp,  Zp)  = ^p 

4.  Cylindrical  coordinates  with  respect  to  trajectory  (x,w) 

— * -►  — ► 

Problem:  Calculate  (x,w)  for  point  Rp  as  a function  of  R0,  Rj,  and  Rt 


|R-R0  I 


•TRAJECTORY 


where 


x = &-t0)  • (^i  -l$o)/  \t\ -%>\ 


(Xp  - XqKX!  - XG)  + (Yp  - Y0)(Y j - Y0)  + (Zp  - Z0)(Z!  - ZD) 


ri=  |^l  tQ\  = V(XrX0)2  + (Y1-Y0)2  + (Z1-Z0)2 
Ifr0=|Rp-R0|  = ^X^“x0)2  + (Yp-Y0)2  + (Zp-Z0)2 


oj  = Vro2  ' x~ 

Problem  given  0 = (Ux,  U^j),  find  = (Ux,  Uy,  Uz) 

AAA 

Define  unit  vectors  in  (x,  y,  z)  coordinates  X,  Y,  Z 


Define  unit  vectors  in  x,  u>  coordinates  x,  gj 
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Appendix  D 

RECOMMENDED  BULLET  CONSTANTS 


Constants 


dimensions 

Penetrator 


Penetrator 

dimeniioiu 


dimensions 

Bullet/jacket 


untumbled 

Bullet/jacket 


untumbled 

Penetrator 


untumbled 

Penetrator 


tumbled 


area,  stern- 
first 

Cn  of  bullet, 


attitude 

Cp  of  bullet, 
tumbled 
attitude 

Cq  of  penetrator, 


attitude 

Cq  of  penetrator, 
tumbled 
attitude 

Co  of  Jacket, 
tumbled 
attitude 

CD  of  bullet, 
stern-fir  st 


.30  caliber 

.50  caliber 

12.7  mm 

165.7  grains 

622-649  grains 

146  grains 

Diameter: 

0.308  in. 
Length:  1.39  in. 

Diameter: 

0.510*+ 0.511  in. 
Length:  2.31  in. 

Diameter: 

0.510-*  0.511  in. 
Length:  2.5  in. 

80  -*81.2  grains 

375  grains 

448/449  grains 

Diameter: 

0.244 -+0.245  in. 
Length:  1.08  in. 

Diameter: 

0.426  -+  0.427  in. 
Length:  1.8  in. 

Di&meter: 

0.427  in. 
Length:  2.07  in. 

84.5  -+85.7  grains 

247  -*274  grains 
includes  incendiary 

297  ■+  298  grains 
includes  incendiary 

Same  as  bullet 
dimensions 

Same  as  bullet 
dimensions 

Same  as  bullet 
dimensions 

0.0745  in2 

0.2042  -+0.2050  in. 

0.2042 -+0.2050  in. 

0.31732  in2 

0.73625  in2 

1.03772  in2 

0.0468 -+0.0471  in2 

0.1425  -*0.1432  in2 

0.1432  in2 

0.2601  in2 

0.59830  in2 

0.700214  in2 

0.0314  in2 

0.1121  in2 

0.0855  in2 

0.10 

0.05 

0.05 

0.60 

0.30 

0.30 

0.10 

0.05 

0.05 

0.60 

0.30 

0.30 

1.0 

1.0 

1.0 

0.82 

0.82 

0.82 

14.S  mm 


963  grains 

Diameter: 

0.586 -+0.587  in. 

Length:  2.6  in. 

655  grains 

Diameter: 

0.4889  in. 

Length:  2.075  in. 

293.21  grains 
excludes  incendiary 

Same  os  bullet 
dimensions 

0.2697  -+0.2906  it.. 


1.322  in2 
0.18773  in2 
1.05  in2 
0.12566  in2 


SJSPW 
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Appendix  E 

TUMBLING  BEHAVIOR  OF  12.7  AND  14.5  MM  API 
FROM  FOOTNOTE  2 


12.7  MM  API 


SHOTS 


Tumbling  Distance  Distribution;  0 Degree  Obliquity,  0 Degree  Yaw. 


